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PRE  FACE. 


RATHER  more  than  three  years  ago,  in  the  course 
of  some  investigations  upon  the  microscopical 
characters  of  the  blood  of  persons  suffering  fix)m  acute 
diseases,  my  attention  was  first  thoroughly  given  to  the 
great  question  of  the  Origin  of  Life.  And  as  so 
much  depended  upon  the  proper  solution  of  this 
problem — not  only  for  Science  generally,  but  even  with 
reference  to  the  scientific  basis  of  Medicine — I  deter- 
mined to  undertake  some  investigations  and  endeavour 
to  revise  the  grounds  of  opinion  upon  the  subject. 

I  did  investigate,  and  in  consequence  was  after  a 
time  compelled  to  renounce  my  old  prepossessions, 
and  adopt  views  concerning  the  origin  of  *  living' 
matter  which  are  as  yet  only  very  partially  accepted 
in  the  world  of  science.  The  state  of  professional 
opinion  on  these  questions,  moreover,  was  such  that  it 
would  have  been  unsuitable  for  me  to  have  taught 
new  doctrines  based  upon  facts  ascertained  during 
these  investigations,  without  having  fully  and  publicly 
stated  the  grounds  upon  which  I  had  adopted  them. 

At  much  personal  sacrifice,  therefore,  I  resolved  to 
attempt  to  produce  a  statement  of  the  facts  which 
should  carry  conviction  to  the  minds  of  others.     And 
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although  at  first  wishing  to  do  this  in  a  work  much 
smaller  than  that  which  I  now  submit  to  the  public,  it 
was  soon  found  that  more  elaboration  would  be  needed. 
The  scope  of  the  subject  itself,  moreover,  widened  so 
rapidly — ^biological  problems  of  such  enormous  import- 
ance were  opened  up — that  I  at  last  felt  compelled  to 
pursue  the  investigation  in  a  manner  a  little  more  com- 
mensurate with  the  magnitude  of  its  dependent  issues. 

The  First  Part  of  this  work  was  written  and  printed 
nearly  three  years  ago.  It  was  intended  to  show  the 
general  reader,  more  especially,  that  the  logical  conse- 
quences of  the  now  commonly  accepted  doctrines  con- 
cerning the  'Conservation  of  Energy'  and  the  'Cor- 
relation of  the  Vital  and  Physical  Forces,'  were  wholly 
favourable  to  the  possibility  of  the  independent  origin 
of  'living'  matter.  It  also  contains  a  review  of  the 
'  Cellular  Theory  of  Organization,'  which  was  written 
and  was  in  type  before  I  had  had  the  pleasure  of  reading 
Prof.  Strieker's  essay  on  '  Cells.' 

In  the  Second  Part  of  the 'work,  under  the  head 
'Archebiosis,'  the  question  as  to  the  present  occurrence 
or  non-occurrence  of  '  spontaneous  generation '  is  fully 
considered.  And  in  spite  of  all  the  difficulties — in 
great  part  imaginary — which  have  hitherto  interfered 
with  the  acceptance  of  a  positive  solution  of  this 
problem,  it  seems  to  me  one  which  is  now  not  difficult 
to  solve.  It  must  be  considered  to  turn  almost  wholly 
upon  the  possibility  of  the  de  novo  origin  of  Bacteria  ^ 
since  if  such  a  mode  of  origin  can  be  proved  for  them, 
it  must  also  be  conceded  for  other  allied  fungoid  and 
algoid  units.  Evidence  which  is  of  the  most  convincing 
character  when  looked  at  from  all  sides,  now  shows 
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that  Bacteria  are  killed  by  a  temperature  of  140*"?. 
Yet  similar  organisms  will  constantly  appear  and  rapidly 
multiply  within  closed  flasks  containing  organic  fluids, 
although  the  flasks  and  their  contents  have  been  pre- 
viously exposed  for  some  time  to  a  temperature  of 
aia**F.  The  latter  fact  has  been  admitted  by  almost 
all  experimenters — including  even  Spallanzani  and 
Pasteur — and  the  inference  from  it  must  be  quite 
obvious  to  those  who  accept  this  or  any  lower  tem- 
perature as  the  thermal  limit  of  organic  life.  In  experi- 
ments yielding  positive  results,  they  would  have  to 
admit  that  the  progenitors  of  the  new,  and  more  or  less 
rapidly  multiplying  brood  must  have  been  evolved  de 
move  within  the  previously  superheated  flasks.  So  that, 
even  if  nothing  more  could  be  said,  the  positive  results 
which  can  almost  invariably  be  obtained  in  experiments 
conducted  with  this  temperature,  should  suffice,  in  the 
present  state  of  science,  to  show  that  living  matter  may 
arise  Je  nova — more  especially  when  such  a  conclusion  is 
also  supported  by  the  utter  break-down  of  the  opposing 
Panspermic  hypothesis.  But  much  stronger  evidence  can 
be  adduced  ^  since  numerous  similarly  successful  results 
have  been  obtained  by  Pasteur  himself,  by  Pouchet, 
Mantegazza,  Wyman,  Cantoni,  Oehl,  and  others — 
although  the  closed  flasks  and  their  contents  had  been 
subjected  to  the  influence  of  still  more  destructive  tem- 
peratures, ranging  from  aia^F  to  rather  over  300* F. 
Several  of  such  experiments  are  now  recorded  for  the 
first  time ;  and  their  results  cannot  be  reasonably  ex- 
plained except  on  the  supposition  that  the  living  things' 
obtained  from  the  closed  flasks  had  been  developed 
from  newly-evolved  living  matten 
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The  probabilities  in  fevour  of  this  interpretation  of  the 
experimental  evidence  become,  moreover,  stronger  and 
stronger  in  proportion  as  the  problem  is  viewed  by 
the  light  derived  firom  various  kinds  of  general  evi- 
dence, which  I  have  adduced  in  di£Ferent  parts  of  this 
work. 

We  know  that  the  molecules  of  elementary  or  mineral 
substances  combine  to  form  acids  and  bases  by  virtue 
of  their  own  ^inherent'  tendencies;  that  these  acids 
and  bases  unite  so  as  to  produce  salts,  which,  in  their 
turn,  will  often  again  combine  and  give  rise  to  ^  double 
salts/  And  at  each  stage  in  this  series  of  ascending 
molecular  complexities,  we  find  the  products  endowed 
with  properties  wholly  diflFerent  from  those  of  their  con- 
stituents. Similarly,  amongst  the  carbon  compounds 
there  is  abundance  of  evidence  to  prove  the  existence 
of  internal  tendencies  or  molecular  properties,  which 
may  and  do  lead  to  the  evolution  of  more  and  more 
complex  chemical  compounds.  And  it  is  such  synthetic 
processes,  occurring  amongst  the  molecules  of  colloidal 
and  allied  substances,  which  seem  so  often  to  engender 
or  give  *  origin'  to  a  kind  of  matter  possessing  that 
subtle  combination  of  properties  to  which  we  are 
accustomed  to  apply  the  epithet  'living.' 

The  experimental  evidence  which  I  have  brought 
forward  not  only  goes  to  prove  that  living  matter  may 
originate  in  this  natural  manner,  but  that,  like  other 
kinds  of  matter,  it  comes  into  being  by  virtue  of  the 
operation  of  the  same  laws  and  molecular  properties 
as  suffice  to  regulate  its  'growth.'  Would  it  not  be 
deemed  absurd  if  we  were  to  assume,  as  a  necessity, 
the  existence  of  one  set  of  agencies  in  order  to  bring 
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about  the  origination  of  crystalline  matter,  and  of 
another  set  for  inducing  and  r^ulating  the  growth  of 
crystals  ?  And  may  it  not  also  be  deemed  just  as  absurd 
and  unnecessary  that  any  such  demands  should  be  made 
in  reference  to  the  origin  of  living  matter  and  the 
growth  of  oi^anisms  ? 

Both  crystalline  and  living  aggregates  appear  to  be 
constantly  separating  de  novo  from  different  fluids,  and 
both  kinds  of  matter  now  seem  to  be  naturally  formable 
from  their  elements.  It  so  happens,  however,  that  one  of 
the  fundamental  properties  of  living  matter — ^that  is  to 
say,  its  power  of  undergoing  spontaneous  division- 
is  constantly  entailing  results  which,  owing  to  their 
being  of  a  more  obvious  nature,  have  long  and  unduly 
monopolized  the  attention  of  biologists  and  of  the 
world  in  general.  And  yet  the  existence  in  living 
matter  of  this  power  of  spontaneous  division,  by  which 
processes  of  ^reproduction*  are  brought  about,  is  rendered 
somewhat  less  exceptional  and  mysterious  when  we 
consider  that  a  fragment  of  crystalline  matter  artificially 
severed  from  the  parent  mass  will,  under  suitable  con- 
ditions, grow  into  a  crystal  similar  to  the  original  form. 
The  reproduction  of  similar  matter  takes  place  in  each 
case  \  and  surely  the  mere  fact  that  the  initial  repro- 
ductive separation  may  occur  ^spontaneously'  in  the 
case  of  living  matter,  is  no  argument  against  the  pro- 
bability that  such  matter  may,  like  crystalline  matter, 
also  come  into  being  by  an  independent  elemental 
mode  of  origin. 

Our  experimental  evidence,  therefore,  merely  goes  to 
prove  that  such  an  elemental  origin  of  living  matter 
U  continually  taking  place  at  the  present  day, — that 
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it  still  comes  into  being,  in  feet,  by  the  operation  of 
the  same  laws,  and  in  the  same  manner  as  the  majority 
of  scientific  men  and  a  large  section  of  the  educated 
public  believe  that  it  must  have  originated  in  the  early 
days  of  the  earth's  history — when  *  living*  compounds 
first  began  to  appear  upon  the  cooling  surface  of  our 
planet.  And  if  such  synthetic  processes  took  place  then, 
why  should  they  not  take  place  now  ?  Why  should  the 
inherent  molecular  properties  of  various  kinds  of  matter 
have  undergone  so  much  alteration  ?  Why  should  these 
particular  processes  of  synthesis  now  be  impossible, 
although  other  processes  of  a  similar  nature  still 
go  on? 

Whilst  no  attempt  has  ever  been  made  to  justify 
or  explain  such  a  supposed  arbitrary  curtailment  of 
natural  laws,  it  happens  most  fortunately  that  the 
ascending  series  of  molecular  combinations,  to  which 
we  have  already  referred,  does  not  end  with  the  birth 
of '  living  *  matter.  Steps  which  were  previously  beyond 
the  reach  of  our  senses,  become,  in  some  newly-dis- 
covered terms  of  the  series,  capable  of  ocular  demon- 
stration. Whilst  invisible  colloidal  molecules  are  sup- 
posed to  combine  and  undergo  re-arrangements  in  order 
to  produce  specks  of  new-born  living  matter,  such 
specks  of  living  matter  may  be  actually  seen  to  com- 
bine, fuse,  and  undergo  molecular  re-arrangements  so 
as  to  lead  to  the  origin  of  Fungus-germs,  of  Amoebae, 
of  Monads,  or  of  Ciliated  Infusoria ;  and,  in  the  same 
manner,  larger  and  still  more  complex  living  units  of 
an  algoid  nature  may  actually  be  seen  to  fuse  and 
become  altered  externally,  whilst  they  undergo  those 
obscure    and    mysterious    molecular    re-arrangements 
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whereby   they   are    converted    into    the    embryos   of 
large  and  complex  Rotifers. 

Visible  phenomena  of  Synthetic  Heterogenesis  thus 
serve,  as  it  were,  to  demonstrate  the  mode  in  which, 
by  invisible  processes,  the  simplest  living  units  may 
arise.  So  that  after  watching  all  the  steps  of  the  more 
complex  phenomena,  we  may  find  it  less  difficult  than 
we  should  otherwise  have  done  to  believe  in  the  occur- 
rence of  the  simpler  process  of  Archebiosis — more  espe- 
cially when  its  occurrence  is  attested  by  fects  and 
probabilities  of  the  highest  independent  value. 

Again,  we  know  that  simple  mineral  substances  may 
exist  in  diffijrent  allotropic  conditions,  just  as  numeri- 
cally-similar combinations  of  different  elements  may 
exist  in  two  or  more  isomeric  states.  But,  if  mere 
differences  in  molecular  arrangement  may  cause  sulphur 
or  arsenic,  on  different  occasions,  to  present  wholly 
different  appearances  and  properties;  or  if  a  similar 
alteration  in  molecular  arrangement  may  lead  such  salts 
as  mercuric  iodide  to  pass  easily  from  one  to  another 
mode  of  crystallization,  it  should  not  be  very  difficult 
for  us  to  believe  that  living  matter  might  also,  with 
comparative  ease,  undergo  somewhat  analogous  mole- 
cular rearrangements,  and  that  such  changes  might 
also  entail  some  modifications  in  the  form  and  other 
attributes  of  the  living  aggregate.  And  now,  as  matter 
of  feet,  we  have  to  state  that  the  occurrence  of  Hetero- 
genetic  Transformations  amongst  lower  living  things 
and  in  portions  of  higher  living  things  have  been 
almost  as  well  attested  as  the  occurrence  of  allotropic 
and  isomeric  modifications  amongst  different  kinds  of 
not-living  matter.    . 
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Unmistakeable  processes  of  Heterogenesis  have  been 
watched  over  and  over  again  by  some  of  the  best  ob- 
servers^ amongst  whom  may  be  named  Turpin,  Kutzing, 
Reissek,  Hartig,  Gros,  Pringsheim,  Pineau,  Carter, 
Nicolet,  Pouchet,  Schaaffhausen,  Braxton  Hicks,  and 
Trecul.  And  yet  the  careiiil  investigations  of  these 
well-known  naturalists  have,  upon  this  particular  sub- 
ject, been  either  wholly  disregarded  or  publicly  repudiated 
by  some  leading  biologists  who — not  having  worked 
over  the  same  ground  themselves — rashly  trust  to 
their  own  theoretical  convictions,  rather  than  to  the 
positive  observations  of  so  many  workers.  How  un- 
warrantable this  conduct  has  been,  almost  any  compe- 
tent person — ^however  sceptical — may  learn  for  himself, 
if  he  will  but  devote  two  or  three  months  to  the  careful 
study  of  the  changes  which  are  apt  to  take  place  in  the 
substance  of  many  of  the  fresh-water  Algae,  or  in  those 
beautiful  green  animalizcd  organisms  known  by  the 
name  of  Euglense,  some  of  whose  marvellous  trans- 
formations were  faithfully  described  more  than  twenty 
years  ago  in  the  highly  valuble  but  much  neglected 
memoir  of  Dr.  Gros. 

The  time  is  doubtless  not  far  distant  when  it  will  be 
a  source  of  much  wonder  that  those  who  had  already 
heartily  adopted  the  Evolution  philosophy  could — even 
in  the  face  of  facts  long  ago  known — stop  short  of  a 
belief  in  the  present  and  continual  occurrence  of  Arche- 
biosis  and  Hcterogenesis.  Do  not  the  very  simplest 
forms  of  life  abound  at  the  present  day  ?  And,  would 
the  Evolutionist  really  have  us  believe  that  such  forms 
arc  direct  continuations  of  an  equally  structureless  matter 
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whidi  has  existed  for  millions  and  millions  of  years 
without  having  undergone  any  differentiation  ?  Would 
he  have  us  believe  that  the  simplest  and  most  struc- 
tureless Amoeba  of  the  present  day  can  boast  of  a  line 
of  ancestors  stretching  back  to  such  far-remote  periods 
that  in  comparison  with  them  the  primaeval  men  were 
but  as  things  of  yesterday?  The  notion  surely  is 
preposterously  absurd;  or,  if  true,  the  fact  would  be 
sufficient  to  overthrow  the  very  first  principles  of  their 
own  Evolution  philosophy.  Again,  may  we  not  see  at 
the  present  day  all  those  minute  shades  of  difference 
by  which  the  primordial  fissiparous  act  of  reproduction 
gives  place  to  the  more  and  more  specialized  forms 
of  biseioial  reproduction?  Even  this  could  scarcely 
occur  unless  the  excessively  changeable  forms  of  life 
which  supply  us  with  these  various  transitions  were 
continually  seething  into  existence  afresh.  Instead  of 
having  to  do  with  a  pretty  accurate  picture  of  the 
originsd  process  of  evolution,  each  sectional  mosaic  of 
which  has  been  faithfully  transmitted  for  millions  of 
years  with  little  or  no  variation,  we  probably  stand  face 
to  face  with  processes  that  have  been  independently 
repeated  billions  and  billions  of  times — and  repeated 
in  a  more  or  less  similar  manner,  simply  because  the 
processes  themselves  have  always  been  the  results  of 
the  conjoint  action  of  the  same  external  forces  in 
conflict  with  similar  material  properties  or  tendencies. 
Like  causes  should  produce  like  results:  so  that  the 
primordial  living  units  of  to-day  should  undergo  changes 
which  are,  in  the  main,  similar  to  those  passed  through 
by  the  units  of  living  matter  which  first  came  into 
being  upon  the  surface  of  our  globe. 
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Again,  we  find  that  the  comparatively  low  forms  of 
life  in  which  all  these  developmental  transitions  are 
embodied,  instead  of  being  almost  unchangeable — as 
they  ought  to  be  if  there  were  any  truth  in  the  con- 
tradictory doctrines  to  which  we  have  already  referred 
— are  variable  in  the  highest  degree.  They  pass  through 
the  most  diverse  and  astounding  transformations,  and, 
as  we  have  endeavoured  to  show  in  the  Third  Part  of 
this  work,  such  organisms  are  often  seen  to  be  derived 
from  matrices  wholly  unlike  themselves. 

In  fact,  these  lower  forms  of  life — corresponding 
pretty  closely  with  the  Protista  of  Prof.  Haeckel — form 
an  enormous  and  ever-growing  plexus  of  vegetal  and 
animal  organisms,  amongst  which  transitions  from  the 
one  to  the  other  mode  of  growth  take  place  with  the 
greatest  ease  and  frequency.  Here  Heterogenesis  is 
constantly  encountered,  and  variability  reigns  supreme, 
so  that  those  assemblages  of  definitely  recurring  indi- 
viduals, answering  to  what  we  call  *  species,'  are  not 
to  be  found  amongst  them.  They  are  essentially  tran- 
sitory and  variable  forms,  which  I  have  proposed  to 
name  'Ephemeromorphs.'  Regularly  recurring  or  homo- 
genetically  produced  types,  both  animal  and  vegetal, 
are,  however,  constantly  arising  out  of  this  great  ephe- 
meromorphic  plexus,  either  by  direct  and  sudden  pro- 
cesses of  transformation  or  by  some  intermediate  and 
cyclical  processes  of  so-called  ^  alternate  generation.* 

And  until  such  assemblages  of  repeating  individuals 
make  their  appearance — that  is,  until  Homogenesis 
becomes  the  rule — the  '  laws  of  heredity  *  can  scarcely 
be  said  to  come  into  operation.  Hence  the  complexly- 
interrelated  individuals,  constituting  this  vast  under- 
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lying  plexus  of  Infusorial  and  Cryptogamic  life,  must 
remain  wholly  uninfluenced,  so  far  as  their  form  and 
structure  is  concerned,  by  what  Mr.  Darwin  has 
termed  *  Natural  Selection/  Such  vegetal  and  animal 
organisms,  however,  gradually  tend  to  become  more  and 
more  complex.  An  ascending  development  takes  place, 
and  as  this  occurs,  the  causes  which  originally  sufficed 
to  determine  their  form  and  structure,  and  which  for  a 
time  continue  to  induce  deviations,  become  less  and 
less  capable  of  bringing  about  structural  modifications 
during  the  life  of  the  individual.  Changes  have  now 
to  be  perfected  in  a  succession  of  individuals^  and 
thus  is  the  operation  initiated  of  those  subtle  and 
more  slowly  modifying  agencies  which  have  been  so 
admirably  illustrated  by  Mr.  Darwin. 

Throughout  this  work,  whilst  I  have  been  anxious 
to  consider  the  various  aspects  of  the  subject  with  as 
much  thoroughness  as  was  necessary  in  order  to  be  able 
fairly  to  attempt  to  establish  the  truth  of  the  principal 
doctrines  now  advanced,  I  have  also  tried  to  simplify 
the  problems  as  much  as  possible.  A  limitation  was, 
moreover,  necessitated  by  the  pressing  nature  of  those 
more  strictly  professional  duties,  on  account  of  which 
I  was  first  induced  to  enter  upon  these  investigations, 
and  in  the  midst  of  which  the  work  has  been  carried 
on.  A  rich  harvest,  therefore,  remains  for  many  other 
workers  who  may  wish  to  develop  the  subject  in  all  its 
collateral  bearings. 

These  volumes  being,  in  great  part,  the  record  of  a 
series  of  current  investigations — each  section  of  which 
was  written  whilst  the  next  division  of  the  subject  was 
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being  investigated — some  forbearance  may,  perhaps,  not 
unfairly  be  claimed  for  certain  literary  defects  and  in- 
consistencies, which  were  to  some  extent  unavoidable. 
For  although  this  order  was  definitely  planned,  yet  it 
has  happened  that  more  than  three-fourths  of  the  work 
was  actually  printed  before  the  new  investigations  de- 
tailed in  the  latter  part  were  made — and  certainly  at  a 
time  when  I  had  scarcely  hoped  ever  to  witness  such 
transformations  as  I  have  since  been  able  to  follow. 

I  am  deeply  impressed  with  the  conviction  that  we 
are  but  upon  the  threshold  of  our  acquaintance  with 
these  marvellous  heterogenetic  transformations,  the 
discovery  of  which  already  aflfbrds  material  for  revolu- 
tionizing the  old  foundations  of  botanical  and  zoological 
science.  But  the  path  now  opened  must  be  followed 
up  by  other  workers — by  faithful  and  competent  ob- 
servers who  are  willing  zealously  to  watch  and  wait 
through  eager  hours  whilst  Nature  unfolds  her  secret 
processes — by  those  true  students  who,  instead  of  being 
blinded  by  any  existing  theories,  are  content  to  regard 
them  as  useful  and  modifiable  aids  to  further  progress. 


Queen  Anne  Street,  Cavendish  Square, 
May  32,  1872. 
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sive with  Mind,  i.  43 ;  changes  in 
sphere  of,  i.  44 ;  degree  of  corre- 
lation with  nerve-action,  i.  45; 
quantitative  value  of,  i.  46. 

Contagion,  theory  of,  ii.  360 ;  mode 
in  which  brought  about,  cxviii; 
early  views  concerning,  cxix. 

Contagious  element,  action  of,  in 
parasitic  diseases,  ii.  361-365. 

Contagiousness,  degrees  of,  cxiv, 
cxxxv ;  expbmation  of,  cxlviii. 

Contractility  of  muscle,  i.  16 ;  de- 
pendent on  blood-supply,  i.  28. 

Corda,  on  Peziza,  i.  184. 

Crystalline  matter,  causes  of  differ- 
ences in  form  of,  ii.  87;  cellular 
forms  of,  ii.  59. 

Crystalloids,  distinction  between 
colloids  and,  i.  88 ;  interchange- 
ability  of  states  of  colloids  and, 
ii.38. 

Crystals,  origin  of.  compared  with 
that  of  lowest  organisms,  i.  398, 
ii.  71-85 ;  Mr.  Rainey  on  form- 
ation of  modifications  of,  i.  302  ; 
formation  of,  under  different  con- 
ditions, ii.  55-65;  size  of,  de- 
pends upon  rate  of  collocation,  ii. 
09;  influence  of  conditions  on 
forms  of,  ii.  87, 1 1 3 ;  development 
of,  ii.  114. 


Darwin,  Dr.  Erasmus,  views  on  Or- 
ganization, ii.  5i^8. 

Darwin,  Mr.,  on  Natural  Selection, 
ii.  572,  576;  influence  of  new 
conditions  upon  species,  ii.  580, 
591 ;  not  a  believer  in  Progressive 
Development,  ii.  590;  converti- 
bility of  peach  and  nectarine, 
ii.  596,  598 ;  Correlated  Varia- 
bility, ii.  601 ;  Pangenesis,  ii.  6oj ; 


affiliation  of  existing  organisms, 
ii.  606 ;  variability  of  lower  or- 
ganisms, ii.  607 ;  stability  of  spe- 
cies through  long  periods,  ii.  609. 

Davaine,  M.,  on  ^cteridia,  i.  275; 
observations  on  Sang  de  rate,  ii. 
362. 

Davy,  Sir  Humphrey,  on  Heat,  i.  8. 

Decolourization,  process  of,  in  deve- 
lopment of  Nematoids  and  Roti- 
fers, ii.  532. 

Desmids,  modes  of  origin  of^  ii.  41 2, 
416,  418,  443,  446,  451 ;  mode  of 
leproduction  of,  ii.  420 ;  converti- 
bility of,  into  D^toms  or  Algae,  ii. 

455- 
Diatonis,  origin  of,  ii.  412,416,  418, 

441, 444,  453 ;  mode  of  reproduc- 
tion of,  ii.  420 ;  terminal  forms  of 
a  divergent  series,  ii.  455. 

Diseases  of  skin,  parasitic,  ii.  346; 
blood-<:hanges  in,  ii.  361 ;  nature 
of,  cxi ;  causes  of,  cxi ;  of  general 
nature,  ii.  360,  cxii;  of  special 
nature,  cxiii.  Epidemic,  mor- 
tality from,  cix;  importance  of, 
ex;  problems  as  to  origin  of, 
ex,  cxlv,  cli-clv ;  nature  of,  cxvii, 
cxlix ;  relations  of,  to  Cancer  and 
Tubercle,  cxvii ;  spread  of,  cxviii ; 
doctrines  concerning,  influenced 
by  views  on  Fermentation,  ex, 
cxx,  cxlix ;  predisposing  causes  of, 
diii ;  independent  origm  of,  cliii ; 
contagious,  how  related  to  non- 
contagious, cxxx ;  classification  of, 
cxlvi ;  how  differing  from  general 
parasitic  diseases,  advii. 

Distomata,  direct  development  of 
some,  explained,  ii.  571. 

Dumas,  M.,  functions  of  animals 
and  plants  compared,  i.  130, 
142. 

Dysentery,  cxxxviii. 


Ehrenberg,  on  multiplication  of  In- 
fusoria, i.  262. 

Embryonal  areas  of  pellicle,  nature 
and    developmental    transforma- 
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tions    of,    ii.  198-354;    spheres, 
changes  in,  ii.  401. 

Empusa,  nature  of,  ii.  330. 

Entozoa,  ii  309. 

l^hemeromorphs,  nature  of,  ii.  559 ; 
relation  of,  to  crystals,  ii.  571; 
not  influenced  by  Natural  Selec- 
tion, ii.  573;  causes  which  regu- 
late their  structure,  ii.  690 ;  have 
no  long  line  of  ancestors,  ii.  606 ; 
Foranunifera  to  be  included 
amongst,  ii.  613. 

Epodis,  Geologiod,  forms  of  life  in, 
ii.  621. 

Erysipelas,  cxxxiv. 

Estor.  M.,  Bacteria  in  cells  of  ani- 
mals, it  343. 

Euglense,  moides  of  origin  of,  ii.  41 1 ; 
heterogenetic  transformations  of, 
iL  434 ;  into  fungus-genns,  ii.  4:16 ; 
into  Monads,  u.  440 ;  into  Dia- 
toms, IL  441 ;  into  Algoid  cor- 
Eusdes,  ii.  443 ;  external  vesicu- 
ition  of,  ii.  436,  440 ;  minor  mo- 
difications of,  iL  443 ;  transforma- 
tion of,  into  Diatoms,  ii.  444; 
into  Desmids  and  Pediastrex,  ii. 
446;  into  Vaucheria  filament,  ii. 
449 ;  into  Actinophrys  and  Amoe- 
bae, ii.  456;  direct  transformation 
of,  into  Ciliated  Infusoria,  ii.  459 ; 
into  Qzytricha  and  Trichoda,  ii. 
463 ;  into  Vorticella.  ii.  464,  504  ; 
into  Amoelwe  and  Actinophrys,  ii. 
505;  into  Roti£ers,  ii.  506,  518, 
535;  into  Tardigrades  anid  Nema- 
Coids,  ii.  535 ;  into  Nematoids,  ii. 
537 ;  relations  of,  to  Protococcus 
and  Osdllatoriae,  Ixxxiii ;  on  trans- 
formations of,  Ixxxv. 

Evolntion,  hypothesis  of,  i.  93 ;  arti- 
ficial, L  93 ;  of  complex  chemical 
compounds,  ii.  34 ;  simple,  ii.  1 3 1 ; 
compound,  ii.  133. 


Faraday,  on  isdestructibility  of  force, 

ii5- 
Fermentation,  cause  of,  rdated  to 

origin  of  life,  L  400;   liebig's 


physical  theory  of,  i.  403;  vital 
theory  of,  held  by  Pasteur  and 
others,  i.  404 ;  presence  of  oxygen 
not  essential  tor  initiation  o^  i. 
416;  conclusions  on  subject  of, 
i.  430 ;  three  principal  modes  of, 
i.  433;  analogy  of,  to  vital  pro- 
cesses, i.  425,  ii.  186;  occurrence 
of,  in  bent-neck  flasks,  ii.  13; 
two  degrees  of,  ii.  14;  theories 
of,  in  their  bearing  upon  Conta- 
gious Diseases,  cxlix. 

Fevers,  Intermittent  and  Remittent, 
cxxxv ;  Yellow,  cxxxvii ;  Typhoid 
and  Relapsing,  cxl ;  Typhus,  cxl, 
cxlii,  cliv;  Scarlet,  cxliii,  cliv. 

Flagellum  of  Monads,  development 
of,  ii.  3 J 3. 

Fluidity,  state  of,  ii.  43. 

Food,  relation  of,  to  vital  forces,  ii. 
183;  putrid  articles  of,  cxxiv. 

Foraminifera,  ancient  descent  of,  ii. 
104 ;  nature  of,  ii.  61  f  ;  types  of, 
explanation  of  apparent  persistence 
of,  ii.  613. 

Force,  inseparability  of  matter  and, 
i.  5 ;  indestructibility  of,  i.  14 ; 
origin  and  distribution  of,  in 
living  bodies,  ii.  18.1. 

Fox,  Dr.  Tilbury,  on  Parasitic  skin- 
diseases,  ii.  347. 

Fox,  Dr.  Wilson,  experiments  on 
inoculability  of  Tubercle,  cxiv. 

Frankland,  Prof,  on  vital  and  phy- 
sical forces,  i.  33,  54;  mode  of 
preparation  of  experimental  flasks, 

li.  438. 
Fungi,  relation  of,  to  Bacteria,  ii. 
1 34 ;  to  Amoebx  and  Monads,  ii. 
157;  to  Algae  and  Lichens,  ii. 
159;  mode  of  origin  of  micro- 
scopic, ii.  338;  presence  of,  in 
closed  cavities,  ii.  349 ;  influence 
of  conditions  on  development  of, 
ii.  1 1 1 ;  exop;enous  origin  of,  from 
Euglenx,  ii.  436;  in  solutions 
containing  silicates,  xi-xiii ;  rela- 
tions of,  to  Algae  and  Lichens, 
Ixxvi;  to  Amoebae,  Ixxix;  varia- 
bility of,  Ixxvii. 
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Fungus-genus,  mode  of  oHgin  of, 
i.  183,  ii.  303 ;  development  of,  in 
Ammonic-carbonate  solution,  i. 
288 ;  vital  resistance  of,  to  h^t, 
i.  315  ;  origin  of,  in  pellicle,  from 
segmentation  of  Amoebae,  ii.  236 ; 
origin  of,  from  embryonal  areas, 
ii.  233;  in  blood,  ii.  3^1;  from 
milk-globules,  ii.  310;  from  em- 
bryonal  spheres,  ii.  401 ;  resolu- 
tion of  Euglense  into,  ii.  4,^6 ;  in- 
dependent origin  of,  within  closed 
flasks  (seeilrc^friosis,  experiments 
relating  to). 


Gavarret,  M.,  on  source  of  energy 
in  animals,  i.  23,  48;  mode  of 
action  of  muscle,  i.  30. 

Gay-Lussac,  views  of,  concerning 
fermentation,  i.  416. 

Gemmae,  ii.  520. 

Gerhardt,  on  fermentation,  i.  416. 

Germ-cells,  ii.  96. 

Germs,  existence  of,  in  air,  ii.  305, 
538 ;  two  theories  concerning,  ii. 
266 ;  M.  Pasteur  on  unequal  dis- 
tribution of,  ii.  272 ;  M.  Pouchet 
and  others  on  atmospheric,  ii. 
375-288  ;  distribution  of  those  of 
Rotifers  and  Nematoids,  li.  535 ; 
absence  of,  in  crystals,  xv ;  abun- 
dance of,  in  old  crystals,  xxv; 
presence  of,  in  crystals  of  Am- 
monic  Tartrate,  xvi,  xviii ;  mode 
of  origin  of,  xix,  xxi,  xxiii,  xxv- 
xxix ;  absence  of,  in  newly-formed 
crystals,  xxi,  xxiv. 

Germ-theory  of  disease,  czx-cxxvii. 

Glanders,  cxxxii. 

Gleocapsa,  origin  of,  ii.  411. 

Gomphonema,  origin  of,  ii.  442. 

Gonidia,  variation  in  moides  of 
growth  of.  ii.  164 ;  of  Algae,  Lich- 
ens, and  Mosses,  indistinguishable 
from  one  another,  Ixxiii. 

Gonidial-cell,  heterogenetic  changes 
in,  ii.  378. 

Goodsir,  Prof.,  on  centres  of  nutri- 
tion, i.  146. 


Gmham.  Prof,  on  colloids,  i.  88, 

ii.  53- 

Grant,  Prof.,  views  concerning  evo- 
lution of  living  things,  ii.  165; 
cauae  of  organization,  ii.  584. 

Gr^arinae,  nature  of,  xdi;  rela- 
tions of,  to  Amoebce,  xd ;  to  Pso- 
rosperms,  xcii. 

Gros,  Dr.,  transformations  of  chlo- 
rophyll corpuscles  of  Euglenae, 
ii.  410;  ongin  of  Desmi£  and 
Diatoms,  ii.  41 2 ;  heterogenetic 
changes  in  Astasise  and  Euglenae, 
ii.   434;    transformation  of  £u- 

flense  into  Diatoms,  ii.  444 ;  into 
licrasterias  and  Axthrodesmus, 
ii.  448 ;  into  Confervse,  ii.  45 1  ; 
origin  of  Mosses  from  Confervse, 
ii-  453;  direct  transformation  of 
Euglenae  into  Ciliated  Infusoria, 
ii.  459;  origin  of  Vorticella  as 
outgrowth  from  algoid  filaments, 
ii.  470 ;  process  of  Pangenesis  in 
Rotifers,  ii.  484 ;  origin  of  Cilia- 
ted Infusoria  from  Rotifer-eggs, 
ii.  488 ;  ascending  transformations 
of  Ciliated  Infusoria,  ii.  500; 
transformation  of  Actinophrys 
into  Ciliated  Infusoria  or  Rotifers, 
ii-  505 ;  of  winter-spore  of  Vol- 
vox  into  Rotifers,  ii.  506;  of 
Euglenae  into  Rotifers,  ii.  507 ; 
of  Euglenae  into  Nematoids,  ii. 
527;  origin  of  Entozoa,  ii.  539; 
transformations  of  Euglenae  and 
Astasiae,  Ixxxv. 

Grove,  Mr.,  on  correlation  of  phy- 
sical forces,  i.  9,  18. 

Gruithuisen,  on  fermentative  changes 
in  infusions,  i.  418. 

Gu^rin-M^ne\'ille,  M.,  on  independ- 
ent origin  of  Mus&irdine,  ii.  326. 


Haeckel,  Prof.,  on  original  evolution 
of  Life,  i.  92;  Protista  and  di- 
visions of,  i.  1 15 ;  reproduction  of 
Protomyxa,  i.  193. 

Halford,  Prof.,  on  snake-poisoning, 
cxxviii. 
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Hjdlier,  Prof.,  on  microcooci,  i.  383. 
Hartig,  Prof,  on  transformation  of 

Fhytozoa  of  Liverworts,  hodv. 
Harrey,  William,  on  Heterogenesis, 

Hassall,  Dr.  A.  H.,  on  formation  of 
spore  of  Vaacheria,  i.  1 73. 

Heat,  as  a  mode  of  motion,  i.  7; 
relation  of,  to  mechanical  energy, 
i.  8-12  ;  inflnenoe  of,  on  vital 
processes,  i.  11  \  its  relation  to 
nerve  functions,  i.  35;  vital  re- 
sistance to,  i.  311;  resistance  of 
^K>res  of  Fungi  to,  i.  316;  of 
Bacteria  and  Vibriones  to,  i.  317, 
439 ;  dissociating  effect  of,  on 
compounds,  ii.  43. 

Heredity,  law  of,  iL  94- 103. 

Heterogenesis,  i.  245;  distinction 
between  Archebiosis  and,  i.  249 ; 
various  modes  in  which  it  may 
occur,  (Table)  i.  353 ;  ancient 
and  modem  views  concerning,  ii. 
173-181 ;  classification  of  varie- 
ties of,  ii.  183 ;  in  products  of 
animal  secretions,  ii.  310;  in  tis- 
sues of  plants,  ii.  317;  frequency 
of,  amongst  lowest  organisms,  ii. 
561 ;  varieties  of,  ii.  563 ;  origin 
of  Monads,  Fungus-germs,  Ciliata, 
and  Rotifers,  by  synthetic,  ii.  193- 
363,  514-521 ;  limiu  to.  ii.  539; 
future  researches  connected  with, 
ii.  543 ;  different  varieties  of, 
(Table)  ii.  545. 

Hides,  Dr.  Braxton,  production  of 
Amoebee  in  moss-radicles,  ii.  376 ; 
of  Monads,  ii.  4T0;  Gleocapsa, 
it  41 1 ;  variability  of  lower  Algse 
and  their  relations  to  Lichens  and 
Mosses,  liii-]xxiii. 

Hildgard.  Mr.  T.  C,  mode  of  origin 
of  Vortioella,  ii.  470;  on  trans- 
formations of  Ciliata,  ii.  495. 

Hofineister,  on  free  cell-formation 
in  Phanerogamia,  i.  190. 

Holland.  Sir  Henry,  on  spread  of 
Epidemic  Diseases,  cxix. 

Homogeny,  meaning  of  term,  i.  345. 

Hooping-cough,  cxliii,  cliv. 


Huxley,  Prof.,  on  Bath^btus,  i.  I3i ; 
on  cellular  theorv,  1.  158 ;  doc- 
trine concerning  living  matter,  i. 
310;  views  concerning  Individu- 
ality, ii.  553 ;  on  persistent  types, 
ii.  614. 

Hydatina,  origin  of,  from  Chloro- 
coccus  corpuscles,  ii.  514;  from 
Euglena?,  ii.  518. 

Hydrophobia,  cxxx,  cxxxii,  cxlviii. 


Individual,  views  concerning  mean- 
ing of  term,  ii.  543  ;  nature  of,  ii. 

5f)9- 
Individuality,     views      concerning, 

"•  553;    objections  to  views  of 
Dr.  Carpenter  and  Prof.  Huxley, 

ii  553-556. 

Influenza,  cxxxix. 

Iron,  influence  of,  on  new-bom  pro- 
toplasm, ii.  157. 

Itzigsohn.  on  transformation  of  Os- 
cillatorioe,  Ixxxiii. 


Johnson,  Mr.  Metcalfe,  converti- 
bility of  Ciliated  Infusoria,  ii. 
496 ;  transformation  of  these  into 
Rotifers,  ii.  504. 

Jones,  Dr.  Bence,  on  Physical 
Theory  of  Life,  L  63. 


Lamarck,  doctrines  of,  concerning 
life,  i.  260;  cause  of  Organiza- 
tion, ii.  584. 

Laticiferous  vessels,  alterations  in 
globules  of,  ii.  318. 

Lavoisier,  M.,  on  source  of  animal 
heat,  i.  35. 

Leptothrix  filaments,  description  of, 
i.  277 ;  development  of,  ii.  138,  xxii. 

Leucocytes,  mode  of  origin  of ,  i.  3  2 1 . 

Lewes,  Mr.  G.  H.,  on  ncurility,  i. 
36;  life  and  organization,  i  69; 
on  multiple  evolutions  of  living 
matter,  ii.  75 ;  on  theories  of  de- 
velopment, ii-  268. 

Lichens,  origin  of  spores  in,  i.  1S3 ; 
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relations  of,  to  Fungi,  ii.  159;  to 
lower  Algse,  liii-lviit ;  to  Mosses 
and  Fungi,  Ixvi;  interchange&bi- 
lity  of  Algse,  ii.  452. 

Jebig,  Baron,  on  physical  theory  of 
fermentation,  i.  403 ;  analogy  of 
fermentation  to  some  vital  pro- 
cesses, i.  425 ;  formation  of  albu- 
minates in  plants,  ii.  30. 

Jfe,  views  of  ancient  philosophers 
concerning,  i.  .^6 ;  vitalistic  theO' 
ries  of,  i.  59 ;  Dr.  Bence  Jones  on 
physical  theory  of,  i.  62;  defini- 
tions of,  i.  70-77 ;  dependent  upon 
certain  material  collocations,  i. 
78;  not  abruptly  limited,  i.  79; 
speculations  concerning  original 
evolution  of,  i.  93 ;  physical  the- 
ory of,  reconcilable  with  vital 
phenomena,  i.  104 ;  succession  of, 
on  the  earth,  i.  137-142 ;  charac- 
teristics of,  displayed  by  proto- 
plasm, i.  153;  doctrines  concern- 
ing, i.  308 ;  destruction  of,  by 
heat,  ii.  3 ;  evolution  of,  ii  103 ; 
dependence  of,  upon  decomposi- 
tion, ii.  185 ;  theories  concerning, 
ii.  174;  variability  of  primordial 
forms  of.  ii.  110,  137,  143,  145. 

^indley.  Dr.,  on  reproduction  of 
Algals  by  zoospores,  i.  171;  on 
zoospores  in  Achlya,  i.  1 80. 

indsay,  Dr.  Lauder,  on  relationship 
between  Fungi  and  Lichens,  ii.  1 59. 

living  matter,  conversion  of  not- 
living  into,  i.  io.{,  ii.  77 ;  no  dis- 
tinct line  between  not-living  and, 
i.  127;  influence  of  heat  upon,  i. 
420 ;  origin  of,  from  colloid  mole- 
cules, ii.  26 ;  process  of  produc- 
tion of,  ii.  27;  the  result  of  mole- 
cular combination,  ii.  27;  pro- 
duction of,  in  saline  solutions,  ii. 
30;  influence  of  organic  impiuri- 
ties  on  evolution  of,  within  closed 
flasks,  ii.  33;  influence  of  exter-. 
nal  conditions  on  development  of, 
ii.  107 ;  nature  of,  ii.  123;  difler- 
entiation  of,  identical  with  organ- 

izatiooi    ii.    137;    discontinuous 


growth  of,  ii.  138;  various  forms 
assumed  by  new-bom,  ii.  155 ; 
influence  of  iron  upon,  ii.  158; 
formation  of,  in  living  organisms, 
ii.  185;  homogeneous,  tends  to 
become  heterogeneous,  ii.  585; 
heterogeneity  of,  principally  de- 
pendent on  internal  polarities,  ii. 
586 ;  initial  differences  of,  ii.  592 ; 
possibility  of  silicon  replacing 
carbon  in,  x. 

Living  things,  definition  oC  i.  72 ; 
nature  of  matter  of^  i.  83,  9|6; 
origin  of  lowest,  compared  with 
that  of  crystals,  i.  298 ;  resistance 
of,  to  heat,  i.  317,  429;  occur- 
rence of.  in  vacuo,  i.  347-350; 
origin  of,  fi-om  organic  matter,  ii. 
308 ;  persistence  of  forms  of  low- 
est, ii.  104-108 ;  modes  of  origin 
of,  ii.  545 ;  nature  of  lowest,  ii. 
557 ;  Developmental  tendencies 
of,  ii.  558. 

Longet,  on  contractility  of  muscle, 
i.  28. 

Lyell,  Sir  Chas.,  on  geological  re- 
cord, ii.  623. 


Maddox,  Dr.,  on  atmospheric  germs, 
ii.  283. 

Malaria,  cxxxv. 

Man,  origin  of,  ii.  622,  628;  his 
advent,  ii.  628;  development  of 
brain  of,  ii.  628,  630;  his  intel- 
lectual and  moral  nature,  ii.  629 ; 
probable  date  of  first  appearance, 
li.  629 ;  limits  to  variation  of  ex- 
ternal form  of,  ii.  630 ;  improve- 
ment in  race  of,  ii.  631  ;  preju- 
dices concerning  origin  of,  ii.  631 ; 
future  of  the  race,  ii.  633. 

Mantegazza,  Prof.,  researdies  of,  i. 

363.  434- 

Matter,  indestructibility  of,  i.  3 ;  in- 
separability of  force  and,  i.  4. 

Max  Schultze,  nature  of  cell,  i.  150. 

Measles,  cxliii,  cliv. 

Medicine,  practice  of,  influenced  by 
theories,  cix« 
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Medttsx,  direct  development  of  some 

aplained,  ii.  571. 
Metimorphosis     (see     TroMsforma' 

Meniiert  M.  Victor,  experiments  of, 
with  bent-neck  flasks,  ii.  8. 

Micrococci,  Prof.  Hallier,  i.  283. 

Milk-globules,  conversion  of,  into 
fungus-germs,  ii.  310. 

Milne-Edwards,  M.,  on  Pansper- 
mism,  iL  371. 

Mites,  probable  mode  of  origin  of, 
iL  540;  reproduction  in,  ii.  551. 

Mivart,  Mr.  St  G..  on  cause  of  or- 
ganization,  ii.  583;  on  internal 
tendencies  to,  ii  601. 

Molecular  composition,  nature  of 
bodies  dependent  upon,  ii.  49. 

Monads,  description  of,  i.  267 ;  evo- 
lution of^  ii.  196,  388 ;  origin  of, 
in  pellide,  ii.  196,  312,  314; 
interdiangeability  of  Amoebse 
and,  ii.  3 18;  origin  oC  from 
embryonal  spheres  of  Nitella,  ii. 
403 ;  from  chlorophyll  corpuscles, 
ii.  409 ;  from  outgrowths  of  £u- 
glense,  ii.  436 ;  resolution  of  £u- 
glenae  into,  ii.  440. 

Monera,  growth  and  reproduction 
of,  i.  153. 

Montgomery,  on  cell-forms  assumed 
by  Myeline,  i.  53. 

Mosses,  origin  of,  from  Confervse, 
ii.  452;  observations  of  M.  de 
Br^bisson  on,  ii.  454 ;  relations  of, 
to  Lichens  and  Algx,  Ixiii-lxvi. 

Moxon,  Dr.,  on  fission  of  Ciliated 
Infusoria,  ii.  391. 

Mucous  membranes,  development  of 
organisms  on,  ii.  345. 

Mailer,  O.  F.,  on  spontaneous  gen- 
eration, ii.  179. 

Mumps,  czxxix. 

Mur^ison,  Dr.,  on  origin  of  fevers, 
cxl. 

Murphy,  Mr.,  on  origin  of  species  in 
wild  state,  ii.  598. 

Mnscardine,  nature  of,  ii.  334-330. 

Masde,  contractility  of,  i.  36; 
mode  of  action  of,  i.  30 ;  source 


of  power  in  contraction  of,  i.  33, 

54. 
Mushrooms,  cultivation  of,  ii.  433. 


Naides,  a  probable  origin  of,  ii.  C40. 

Natural  Selection,  ii.  107 ;  Mr.  Dar- 
win on,  ii.  573 ;  meaning  of 
phrase,  ii.  572-576;  limitation  to 
mfluence  of,  ii.  573 ;  two  mean- 
ings of,  ii.  574,  600. 

Nectarine,  convertibility  of,  and 
Peach,  ii.  596,  598. 

Needham,  on  spontaneous  genera- 
tion, i.  358;  theory  of  life,  ii.  174. 

Nematoidea,  development  of  ova 
in,  i.  200 ;  origin  of,  from  Eu- 
glenae,  ii.  466;  transformation  of 
Actinophrys  into,  ii.  525;  mode 
of  origm  of,  from  resting-spore  of 
Vaucheria,  ii.  529;  reproduction 
in,  ii.  532. 

Nerve  activity,  source  of  heat  during, 
i.  40. 

Nervous  system,  constituents  of,  i. 
35 ;  functions  of,  dependent  on 
blood-supply,  i.  37;  persistence 
of  function  after  apparent  death, 

i-37. 
Neurility,  i.  36. 

Newport,  Mr.,  on  vital  forces,  i.  1 7. 

Nicolet,  on  germ-formation  in  Amoe- 
bae, i.  197 ;  modes  of  origin  of 
Amoeba?  arid  Actinophrys,  ii.  382 ; 
mode  of  origin  and  transforma- 
tions of  Trichomonas,  ii.  384 ; 
transformations  in  Chara  filisi- 
ments,  ii.  474 ;  heterogenetic  ori- 
gin of  Rotifers,  ii.  509 ;  on  Amoe- 
bse, xc. 

Nitella,  transformations  in,  ii.  399  ; 
transformations  of  Chlorophyll 
corpuscles  of,  into  Monads  and 
Amoebse,  ii.  407;  formation  of 
embryonal  spheres  in,  ii.  400; 
their  transformations  into  Bacte- 
ria and  Pythium  corpuscles,  ii. 
401 ;  into  Monads,  ii.  402 ;  into 
Amoebse  and  Actinophrys,  ii.404; 
into  Ciliated  Infusoria,  ii.  404; 
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into  complex  egg-like  bodies,  ii. 

405- 
Nordmann,  M.,  production  of  Cili- 
ated buds  from  embryos  of  Gaste- 
ropods,  ii.  488. 


CEdogonium,  mode  of  origin  of 
•seed-ceir  in,  i.  177. 

Onimus,  M.,  on  mode  of  origin  of 
leucocytes,  i.  221. 

Organic  compounds,  mode  of  for- 
mation of,  in  plants,  i.  23;  in- 
fluence of  physical  forces  on  evo- 
lution of,  iL  38 ;  artificial  pro- 
duction of,  i.  50,  94;  views  con- 
cerning, i.  81. 

Organic  molecules,  Buffon   on,  ii. 

174- 
Organisms,  desiccation  of,  i.  104; 

tenacity  of  life  in  lowest,  i.  106 ; 
death  of  higher,  i.  108  ;  degree  of 
individuation  in,  i.  1 1 1 ;  death  in 
lower,  i.  112;  classification  of 
lowest,  i.  114;  vital  resistance  of, 
to  heat,  i.  312  ,*  multiplication  of, 
truest  test  of  life,  i.  320;  views 
concerning  origin  of,  ii.  ;  i ;  on 
independent  evolutions  of,  ii.  75 ; 
reproduction  amongst,  ii.  87-103, 
116 ;  cause  of  reproduction  of,  ii. 
no;  origin  of  green,  ii.  157;  de- 
velopment of  corpuscular,  ii.  198 ; 
segmentation  of  lower,  into  fun- 
gui-germs,  ii.  226 ;  mode  of  origin 
of,  in  pellicle,  ii.  235  ;  assump- 
tions respecting,  ii.  254 ;  origin  of 
living  units  from  pre-existing,  ii. 
308 ;  presence  of,  in  bent-neck 
flasks,  ii.  8  ;  variability  of  lowest, 
"•  ^59»  65  7»  607;  modes  of  death 
of,  ii.  37 1 ;  tendency  of,  to  develop 
into  higher,  ii.  432:  convertibility 
of  lower,  ii.  492,  558 ;  influence 
of  size  of  heterogenetic  matrix  on 
forms  of,  ii.  473 ;  modes  of  repro- 
duction in,  ii.  548 ;  frequency  of 
hetcrcgenesis  amongst  lowest,  ii. 
6)61  ;  varieties  of  heterogenesis 
amongst,  ii.  563  ;   limits   to,   ii. 


609,  610;  lowest,  of  present  day, 
their  descent,  ii.  617. 

Organizable  matter,  nature  and 
composition  of,  i.  83;  molecular 
re-arran^ement  of,  i.  97 ;  physical 
explanation  of  process,  i.  98. 

Organization,  discussion  of  cellular 
tneory  of,  i.  158 ;  molecular  theory 
of,  harmonizes  with  evolution  hy- 
pothesis, i.  162  ;  differentiation 
identical  with,  ii.  127;  causes 
regulating  complexity  of,  ii.  130 ; 
existence  of  internal  principle  of, 
ii.  582 ;  internal  tendencies  to,  ii. 
5pi,  603 ;  Dr.  Erasmus  Darwin's 
views  on,  ii.  583 ;  Prof.  Owen  and 
Mr.  St.  George  Mivart  on  canse 
of,  ii.  583;  JLAmarck  and  Prof. 
Grant  on  cause  of,  ii.  584 ;  nature 
of  internal  principle  of,  ii.  585 ;  this 
not  believed  in  by  Mr.  Spencer  and 
Mr.  Darwin,  ii.  585-594 ;  strength 
of  internal  principle  shown  by 
similarity  of  lowest  organisms  in 
different  regions,  ii.  593. 

Origin  of  living  things,  experiments 
relating  to,  with  calcined  air,  i. 
337-343 ;  different  results  obtained 
by  other  experimenters,  i.  344 ; 
experiments  relating  to,  with  or- 
ganic solutions,  i.  355-360;  re- 
marks on,  i.  360 ;  experiments 
relating  to,  with  saline  solutions, 
i-  363-373;  remarks  on,  i.  372; 
M.  Pasteur's  experiments  and 
views  concerning,  i.  374-384  ; 
comparative  experiments  connect- 
ed with,  i.  385-391,  ii.  18;  dele- 
terious effects  of  acidity  of  solu- 
tion increased  by  heat,  i.  392-396 ; 
experiments  concerning,  in  super- 
heated flasks,  i.  441-470 ;  remarks 
on,  i.  471-475  ;  facilitated  by 
diminution  of  pressure,  ii.  20  ;  oc- 
curring in  organic  solutions,  ii. 
22,  71  ;  theoretical  views  respect- 
ing, ii.  254. 

Otostoma,  origin  and  development, 
ii.  479;  origin  of,  from  Nitella 
filament,  iL  482. 
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Ora,  in  lower  animals,  i.  199-202 ; 
m  higher  animals,  i.  203-21 1. 

Owen,  Prof.,  on  cause  of  organiza^ 
tion,  ii.  583 ;  internal  organizing 
tenctendes,  ii.  591. 

Qxytridia,  origin  of,  from  Euglense, 
ii  462 ;  from  Chlorococcus  vesi- 
cles, iL  467 ;  metamorphosis  of 
Vortioella  into,  ii.  493 ;  transform- 
ation of,  into  Trichoda,  ii.  496. 


Palaeontological  Record,  interpreta- 
tion of^  ii,  6ao;  imperfection  of, 
iL  622. 

Pangenesis,  Mr.  Darwin's  hypothesis 
of,  ii.  98,  603;  previous  use  of 
term  by  Dr.  Gros,  ii.  484; — in 
Tardigrades,  ii.  549 ;  peculiarities 
of,  in  Tardigrades  and  Rotifers, 

ii.  55I- 
Panspermism,  views  of  Spallanzani 

and  Bonnet  on,  i.  259 ;  nature  of 

theories,  ii.  267;  untenability  of 

hypothesis  of,  ii  305,  359,  367, 

Paramecium,  evc^ution  of,  from 
pellicle,  ii.  240-250;  its  conver- 
sion into  Nassula.  ii.  251 ;  trans- 
formations of,  ii.  496. 

Parasites,  higher,  ii.  309,  539 ; 
lower,  in  blood  of  animals,  ii. 
324-337;  in  tissues  of  plants,  ii. 
317.  .^3^34^  J  "1  tissues  of  ani- 
mals, ii.  342-358;  within  eggs  of, 
ii.  366. 

Pasteur,  M.,  on  resistance  to  heat  of 
spores  of  fungi,  i  316;  double 
nature  of  results  in  experiments 

by,  i.  340.  345.  374.  3»4;  v>tal 
theory  of  fermentation,  i.  404  ; 
his  explanation  of  experiments 
with  bent-neck  flasks,  ii.  1 1 ;  on 
atmospheric  germs,  ii.  271-275, 
286. 

Peach,  converted  into  Nectarine,  ii. 
596,  598. 

Peacock,  black-shouldered,  origin 
of,  ii  59S. 

Pibrine.  nature  of,  ii.  352,  cxxii. 


Pellicle,  formation  of,  oa  organic 
infusion,  i.  266;  composition  of, 
i.  277,  ii  193;  formation  of  em- 
bryonal areas  in,  ii.  198 ;  remarks 
concerning  changes  in,  ii.  205; 
series  of  changes  in,  leading  to 
evolution  of  Monads,  ii.  215; 
other  changes  in,  leading  to  evo- 
lution of  Fungus-eerms,  ii.  231- 
235 ;  evolution  of  Ciliated  Infu- 
soria from,  ii  237-254;  changes 
in,  throw  light  upon  mode  of  ori- 
gin of  living  matter,  ii.  262 ;  con- 
ditions favourable  to  production 
of  Ciliated  Infusoria,  ii.  244,  299. 

Penicillium,  evolution  of,  ii.  195 ; 
conversion  of  milk-globules  into, 
ii  310. 

Peraneraata,  origin  of.  from  Euglense, 
ii.  459 ;  from  Rotifers,  ii.  484 ; 
conversion  of,  into  Ciliated  Infu- 
soria, ii  485. 

Peziza,  Corda  on  formation  of  spores 
in,  i  184. 

Philodinix,  mode   of  origin   of,  ii. 

504- 
Physcia,  formation  of  spore  m,  i. 

186. 

Physical  Forces,  convertibility  of,  i. 
13;  correlation  of  vital  and,  i. 
16-49,  ^^*  action  of,  upon  living 
tissues,  i  98 ;  influence  of,  on  evo- 
lution of  organic  compounds,  ii.  38. 

Physiological  units,  ii  23,  90,  98, 
603. 

Phytoids.  ii.  542,  553. 

Pineau,  M.,  on  formation  of  spore  in 
Physcia,  i.  186;  observations  of 
heterogenetic  changes,  i.  261  ;  on 
origin  of  Penicillium,  ii.  195 ;  of 
Monads,  ii  196;  of  Vorticellae, 
ii.  252,  471 ;  of  Enchelys.  ii.  238; 
metamorphoses  of  Vorticellx  into 
Oxytrichae,  ii.  493. 

Pljesconia,  origin  of,  from  Chloro- 
coccus vesicles,  ii.  467. 

Plague,  cxliii. 

Plants,  functions  of,  related  to  those 
of  Animals,  i  129;  M.  Brong- 
niart  on  development  of,  in  past 
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ages,  i.  T37;  M.  Saussure  on,  L 
139:  growth  of,  ii.  17;  occurrence 
of  heterogenesis  in,  ii.  317. 

Plastide-particles,  i.  367,  270. 

Plastides,  i.  151,  367. 

Polarity,  Herbert  Spencer  on  or- 
ganic, ii.  33,  94 ;  its  operation  in 
higher  organisms,  ii.  595 ;  an  ever- 
potent  cause  of  form  and  struc- 
ture, ii.  601 . . 

Pouchet,  M.,  on  vital  force,  i.  248 ; 
on  spontaneous  generation,  i.  363; 
interchangeability  of  forms  of 
Fungi,  ii.  151 ;  heterogenesis  and 
vitalism,  ii.  180;  origin  of  Monads, 
ii.  196 ;  of  Paramecia,  ii.  240;  of 
VorticelUe,  ii.  471;  atmospheric 
germs,  ii.  375  ;  apparatus  for 
showing  connection  of  Ciliata 
with  Pellicle,  ii.  300. 

Pringsheim,Prof.,on  transformations 
in  Algae,  ii.  374. 

Pritcha^,  on  Algse  and  their  allies, 
ii.  160;  modes  of  succession  of 
organisms  in  infusions,  ii.  503 ; 
variations  in  habitat  of  Infusoria, 

"•  53.S. 
Progressive    development,    ii.   583, 

588,  590,  602. 

Protamoebs,  i.  117, 121,  135. 

Protista,  i.  115-126;  divisions  of,  i. 
117;  modes  of  reproduction 
amongst,  i.  116,  192,  ii.  548. 

Protococcus,  relation  of,  to  Algse, 
Lichens,  and  Mosses,  ii.  163 ;  pro- 
ducts of  transformations  of,  Ixxxii. 

Protomyxa,  process  of  reproduction 
in,  i.  193. 

Protonema,  changes  of,  Ixvi  -Ixxii. 

Protoplasm,  properties  of,  i.  137; 
independent  origin  of,  ii.  31,  77. 

Protoplasta,  i.  153;  development  of 
germs  in,  i.  197. 

Psorosperms,  ii.  353,  cxxii. 

Puerperal  Fever,  cxxxiv. 

Pyaemia,  cxxxiv. 


Rainey,   Mr.,  on  'molecular  coal- 
escence,' L  51 ;  on  formation  of 


Calculi,  ii.  60;  nature  of  starch- 
grains,  ii.  66. 
Redi,  on  spontaneous  generation,  i. 

Reibsek,  Prof.,  on  metamorphoses 
of  Chlorophyll  corpuscles  and 
pollen-grains,  ii.  432. 

Reproduction,  act  of,  best  sign  of 
life  of  Bacteria,  i.  330;  mnda- 
mental  nature,  ii.  91 ;  limitations 
of  process  in  complex  organisms, 
ii.  95 ;  in  Rotifers,  iL  533 ;  sexual 
— mode  of  evolution  of,  ii.  548, 
552 ;  ultimate  nature  of,  ii  561 ; 
sexual  modes,  commencement  of, 
ii.  564 ;  nature  of  *  alternate '  pro- 
cesses of,  ii.  565. 

Reproduction,  different  modes  of, 
'J^dbU  facing  ii.  552. 

Reproductive  units,  mode  of  origin 
of,  I.  169-214,  233. 

Robin,  Charles,  on  independent 
origin  of  Leucocytes,  i.  220 ; 
blood-change  in  parasitic  dis- 
eases, ii.  361. 

Rotifers,  resolution  of,  into  Actino- 
phr)'s  and  Peranema,  ii.  484 : 
mto  Arccllinse,  ii.  486 ;  origin  of 
Ciliated  Infusoria  from  eggs  of, 
ii.  488 ;  modes  of  analytic  hetero- 
genesis in,  ii.  489 ;  heterogenetic 
modes  of  origin  of,  ii.  501-523; 
reproduction  in,  ii.  533,  549. 

Rumford,  Count,  heat  as  a  mode  of 
motion,  i.  7. 


Samuelson,  Mr.  James,  on  atmo- 
spheric germs,  ii.  380. 

Sanderson,  Dr.  Burdon,  effect  of 
desiccation  on  Bacteria,  ii.  5  ; 
Microzymes  in  air,  ii.  7;  experi- 
ments on  inoculability  of  Tuber- 
cle, cxiv. 

Sang  de  rate,  M.  Davaine  on,  ii.  363. 

Sarcina,  i.  386 ;  nature  of,  iii ;  pro- 
ducts allied  to,  v ;  bodies  resem- 
bling, in  silicated  solution,  xiv. 

SchaafThausen,  Prof.,  on  heterogene- 
tic transformations,  ii.  453, 499. 
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Schelling,  theory  of  life.  i.  77. 

Schleiden,  sources  of  nutriment  of 
plants,  i.  156. 

Scnultze,  on  Panspennism,  i.  a6a. 

Schwann,  on  origin  of  cells,  i.  144  ; 
on  Panspermism,  L  a6i ;  method 
of  experimentation  with  calcined 
air,  i.  337. 

Scoledda,  modes  of  origin  of  repre- 
sentatives of,  ii.  539. 

S^gain,  M.,  on  convertibility  of 
forces,  i.  9. 

Silicates,  solutions  of,  containing 
Fungi,  xi  -xiii ;  spiral  fibres,  xiv ; 
bodies  resembling  Sardna,  xiv. 

Silicon,  as  a  possible  substitute  for 
carbon  in  living  matter,  x. 

Small-pox,  views  on,  cxxvii ;  orie;in 
of^  cxiiv ;  contagiousness  of,  cxiix. 

Snake-poisoning,  cxxviii,  cxxx. 

Snow-flakes,  ii.  280. 

Solution,  nature  of  process,  ii.  44. 

Spollanzani,  TAbb^,  on  Pansperm- 
ism, i.  259. 

Species,  meaning  of  term,  ii.  547 ; 
mutability  of,  ii.  548;  nothing 
corresponding  to,  amongst  lower 
forms,  ii.  568  ;  nature  of,  ii.  569 ; 
influenced  by  change  in  external 
conditions,  ii.  577-582;  by  use 
and  disuse,  ii.  577;  to  what  ex- 
tent influenced  by  natural  selec- 
tion, ii.  578 ;  Darwin  on  influence 
of  new  external  conditions  upon, 
ii.  591 ;  variation  of,  ii.  598 ;  fre- 
quency of  spontaneous  variation  in 
unknown,  ii.  599;  modes  in  which 
transmutations  are  brought  about, 
ii.  600 ;  Mr.  Darwin's  views  con- 
cerning, ii.  601-603. 

Spencer,  Mr.  Herbert,  on  converti- 
bility of  forces,  i.  13 ;  on  meaning 
of  persistence  force,  i.  14 ;  corre- 
lation of  vital  and  physical  forces, 
i.  22 ;  consciousness,  i.  45 ;  mor- 
pholc^ical  development,  i.  52 ; 
characteristics  of  living  things,  i. 
74 ;  elements  of  organizable  mat- 
ter, 1.  84;  instability  of  protein 
compounds,  i.  86 ;  original  evolu- 


tion of  life,  i.  92  ;  artificial  evolu- 
tion of  organic  matter,  i.  94;  oper- 
ation of  physical  forces  upon  living 
tissues,  i.  98  :  evolution  of  living 
matter,  i.  163 ;  oiganic  polarity, 
ii.  23 ;  physiological  units,  ii.  23, 
90,  98 ;  law  of  heredity,  ii.  94, 
97  ;  nature  of  evolution,  ii.  1 20 ; 
two  meanings  of  natural  selection, 
ii-573;  denies  existence  of  internal 
organizing  tendencies,  ii.  585 ; 
cause  of  organization,  ii.  587 ;  his 
expUnation  of  existence  of  undif- 
ferentiated organisms  in  present 
day,  ii.  587-589;  physiological 
units,  U.  603 ;  limits  to  variability 
of  species,  ii.  610. 

Spermatozoa,  development  of,  i.  2f  3. 

Sperm-cells,  ii.  96. 

Spiral  fibres,  v  ;  where  found,  viii ; 
in  association  with  mycelium, 
viii ;  in  silicated  solution,  xiv. 

Spirillum,  i.  277,  ii.  139. 

Spirogyra,    transformations    in,    ii. 

387-393. 
Spontaneous  Generation,  reason  for 

rejecting  term,  i.  244 ;  views  of 

ancient  writers  concerning,  i.  253; 

other  views  concerning,  i.   255- 

263 ;  two  processes  included  under 

term,  ii.  172. 

Spores,  mode  of  formation  of,  in 
CEdogonium,  i.  177;  in  Zygne- 
meaceae,  i.  179;  in  Fungi  and 
Lichens,  i.  183 ;  in  Peziza,  1.  184; 
in  Hydrodictyon,  i.  186 ;  Physcia, 
i.  186.       • 

Starch-grains,  production  of,  ii.  65. 

Steenstrup,  on  alternate  generation, 

ii.  565- 
Stein,    views    concerning    Acinetze 

and  Vorticelloe,  xciv-xcvii. 
Survival  of  the  fittest,  ii.  575. 
Syphilis,  cxxxii. 


Tables  relating  to : — (i)  origin  of 
living  things,  i.  252 ;  (2)  modes  of 
origin  of  independent  living  units, 
^<  545 ;  (S)  modes  of  reproduction 
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with  reference  to  the  origin  and 
gradual  appearance  of  sexual  dif- 
terentiation,  ra6/«  facing  ii.  552 ;  (4) 
modes  of  development  in  relation 
to  sexual  multiplication  pccurring 
during  its  progress,  ii.  567;  (5) 
causes  which  determine  forms  of 
organisms,  ii.  600 ;  (6)  communi- 
cable diseases,  cxlvi. 

Tardigrades,  origin  of,  from  Eugle- 
nse,  ii.  466 ;  transformation  of 
Actinophrys  into,  ii.  524;  repro- 
duction in,  ii.  532  ;  Pangenesis  in, 
ii.  549 ;  peculiarities  of  Pangenesis 
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CHAPTER   I. 

THS  PERSISTSNCX  OF  FORCE — CORRSLATION  OF  THE  VITAL 

AND  PHYSICAL  FORCES. 

Indestnictibility  of  Matter.  Forces  modes  of  motion.  The  doctrine  of 
Conserration  of  Energy.  History  of.  The  unit  of  Heat«  Con« 
▼ertibility  of  Physical  Forces.  Indestructibility  of  Force.  Gradual 
growth  of  doctrine  of  Correlatioo  of  Phjrsical  and  Vital  Forces. 
Sovce  of  Energy  manifested  in  Plants  and  Animals.  Doctrines 
conceramg  Animal  Heat  Its  real  mode  of  Origin.  Power  of 
morement  in  Animals.  Laws  regulating  muscular  Contractility. 
The  Muscle  a  marhinr  in  whidi  heat  transforms  itself  into  Me- 
chanical Energy.  Comparison  between  Muscle  and  Steam-Engine. 
Nerrons  phenomena.  NeuriUty.  Sensory  and  motor  nerves  have 
similar  functions.  Dependence  of  Nerve  action  upon  due  supply 
of  blood.  Remarkable  experiments  illustrating  this.  Evolution  of 
heat  and  increased  chemical  change  accompaniments  of  Nerve 
action.  Different  functions  of  Nervous  System.  Relations  of  Con- 
scioasness  and  Mind.  Correlations  of  Consciousness  not  ascertain* 
able.    Conclusions. 

THE  doctrine  that  Matter  is  indestructible  may 
now  be  regarded  as  one  of  the  most  universally 
accepted  utterances  of  science.  It  is  already  firmly 
rooted,  and  the  belief  in  its  truth  is  gradually  spreading 
deeper  and  wider  as  education  advances.  All  must 
admit  that  there  is  an  immeasurable  diflFerence  between 
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may  produce  eflFects  which,  in  part,  manifest  them- 
selves in  cxir  consciousness  as  sensations  of  heat ;  or, 
acting  upon  other  bodies,  organic  and  inorganic,  may 
in  them  produce  such  molecular  re-arrangements — 
such  modifications  of  form  and  nature — as  will  suffice 
to  alter  their  qualities  or  attributes.  Matter,  then, 
may  undergo  changes  of  form — it  may  be  now  solid, 
now  liquid,  and  now  an  invisible  gas ;  whilst  the 
disguised  Force  or  Motion,  owing  to  such  diflFerent 
modes  of  collocation  of  the  atoms  of  matter,  may 
manifest  itself  to  us  in  di£Ferent  ways,  but  in  its 
essence  it  remains  as  the  underlying  and  indestruct- 
ible cause  of  the  attributes  of  matter.  So  that  at  the 
same  time  that  force  is  indestructible,  it  is  moreover 
incapable  of  existing  alone  and  independently  of 
matter.  We  cannot  conceive  force  save  as  inhering 
in,  and  appertaining  to  some  body;  we  cannot  con- 
ceive a  body,  or  matter,  existing,  devoid  of  all  at- 
tributes or  force  manifestations.  Both  are  mutable, 
both  indestructible,  and  both,  so  far  as  we  know,  quite 
incapable  of  existing  alone. 

The  growth  of  modem  scientific  opinion  concerning 
force  has  necessarily  had  much  influence  in  modifying 
the  doctrines  concerning  Life  which  were  formerly  in 
vogue.  During  the  present  century  the  labours  of  earnest 
workers  of  all  kinds  have  done  much  towards  the  over- 
throw of  the  ancient  and  long-predominating  meta- 
physical conceptions  of  Life.  Chemists,  physiologists, 
and  others  liave  striven  manfully  to  dispel  the  mists 
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and  darkness  which  previously  enshrouded  all  vital 
phenomena,  and  few,  we  suppose,  would  deny  that  the 
results  of  their  labours  had  sent  gleams  of  light  into 
comers  previously  unillumined.  However  much  there 
may  be  of  the  mysterious  and  occult  still  remaining, 
some  of  the  phenomena,  at  least,  formerly  looked  upon 
as  essentially  ^ vital* — and,  therefore,  well-nigh  in- 
explicable— are  now  recognized  as  depending  in  great 
part  upon  purely  physical  processes.  But  before  stating 
what  are  the  modem  conceptions  of  Life  —  what 
views  are  now  possible — it  will  be  well  to  glance 
briefly  at  the  labours  of  those  who  have  helped  to  build 
up  that  doctrine  of  the  Correlation  of  Forces,  or  Con- 
servation of  Energy,  whose  influence  has  been  so  great 
in  upsetting  the  old  metaphysical  conceptions  to  which 
we  have  referred. 

It  is  not  to  be  expected  that  the  doctrine  of  the 
Conservation  of  Energy  should  have  sprung  fully  formed 
from  the  brain  of  any  single  man.  The  progress  of 
scientific  thought  and  experiment  had  been  gradually 
tending  in  this  direction  during  the  closing  years  of 
the  last  century,  and  the  doctrine  has  since  been  built 
up  and  perfected  by  the  labours  of  many  workers  and 
thinkers.  The  germs  of  it  are,  however,  to  be  found, 
stated  with  remarkable  clearness,  even  more  than  two 
centuries  ago,  in  the  writings  of  Lord  Bacon,  who  says 
in  the  twentieth  Aphorism  of  his  'Novum  Organum:* 
— '  When  I  say  of  motion  that  it  is  the  genus  of  which 
heat  is  a  species,  I  would  be  understood  to  mean,  not 
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that,  heat  generates  motion  (though  both  arc  true  in 
certain  cases),  but  that  heat  itself,  its  essence  and 

quiddity,  is  motion  and  nothing  else Heat   is 

a  motion,  expansive,  restrained,  and  acting  in  its  strife 
upon  the  smaller  particles  of  bodies^.'    Locke,  also, 
shortly  afterwards,  expressed  himself  in  much  the  same 
terms,    fic  said: — *Heat  is  a  very  brisk  agitation 
of  the  insensible  parts  of  the  object,  which  produces 
in  us  that  sensation  from  whence  we    denominate 
the  subject  hot;    so  that  what   in  our  sensation   is 
hat^  in  the  object  is  nothing  but  motion*    But  it  was 
not  till  quite  the  close  of  the  last  century,  in  1798, 
that  Benjamin  Thompson,  afterwards  Count  Rumfbrd, 
announced  to  the  Royal  Society  his  conviction,  based 
upon    real   experimental   evidence,  that  heat  was   a 
mode  of  motion.    Whilst  superintending  the  boring 
of  cannon  in  the  military  arsenal  at  Munich^  Count 
Rumfbrd  was  much  struck  with  the  heat  acquired  by 
the   brass  after  it  had  been   bored  for  a  time,  and 
also  with  the  intense  heat  of  the  metallic  chips  which 
were  separated  by  the  borer*.     He  then  instituted 
the  most  carefiil  experiments  to  ascertain  the  source 
of  this  heat,  and   in  his  memoir,  after  having  de- 
tailed the  nature  and  results  of  these  experiments,  he 
made  the  following  remarks  in  opposition  to  the  then 
in-evalent  notion  that  heat  was  a  material  substance, 
a  kind  of  igneous  fluid  named  'caloric:* — *We  have 

*  Bacon's  Works,  vol.  iv,  Spedding's  Translation. 

*  See  Tyndall's  *  Heat  Considered  as  a  Mode  of  Motion,'  1863,  p.  53. 
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seen  that  a  very  considerable  quantity  of  heat  may  be 
excited  by  the  friction  of  two  metallic  surfaces^  and 
given  off*  in  a  constant  stream  or  flux  m  all  direcfiamSy 
without  interruption  or  intermission,  and  without  any 
signs  of  Mminutian  or  exhaustion.  In  reasoning  on  this 
subject  we  must  not  forget  that  most  remarkahlt  dnwrn- 
stanccj  that  the  source  of  the  heat  generated  by  friction 
in  these  experiments  appeared  evidently  to  be  /jv- 
exhaustihle.  It  is  hardly  necessary  to  add,  that  any- 
thing which  any  insulated  body  or  system  of  bodies  can 
continue  to  furnish  without  limitation  cannot  possibly 
be  a  material  suSstance ;  and  it  appears  to  me  to  be 
extremely  difficult,  if  not  quite  impossible,  to  form  any 
distinct  idea  of  anything  capable  of  being  excited  and 
communicated  in  those  experiments,  except  it  be 
Motion/  In  i8ia  also.  Sir  Humphrey  Davy  in  his  first 
Memoir^  brought  forward  most  valuable  scientific  evi- 
dence to  show  that  no  such  thing  as  '  caloric '  existed, 
that  heat  was  not  an  elastic  fluid,  and  that  the  <  laws 
of  the  communication  of  heat  are  precisely  the  same  as 
those  of  the  communication  of  motion/  One  of  his 
experiments  was  of  the  most  conclusive  nature.  '  He 
succeeded  in  melting  two  pieces  of  ice  by  rubbing 
them  together  in  vacuo,  at  the  same  time  preventing 
the  access  of  external  heat.  The  water  produced  in 
this  experiment  has  a  much  higher  relative  heat  than 
the  ice;  hence  the  potential  heat  which  caused  the  ice 
to  melt  must  have  been  obtained  by  the  conversion  of 

*  Sir  Humphrey  Davy's  Works,  vol.  ii. 
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the  mechanical  force  employed  for  the  friction  ^/  For, 
as  Sir  Humphrey  Davy  reasoned,  a  motion  or  vibration 
of  the  corpuscles  of  bodies  must  be  necessarily  gener- 
ated by  friction  and  percussion,  and  so,  he  adds, '  we 
may  reasonably  conclude  that  this  motion  or  vibra- 
tion is  heat,  or  the  repulsive  power/  Then,  in  1827, 
Lardner  Vanuxem  published  in  Philadelphia  an  essay  ^ 
in  which  he  speaks  of  caloric,  light,  electricity,  and 
magnetism  as  being  mutually  convertible.  His  utter- 
ances are,  however,  somewhat  dubious,  since  he  at 
first  treats  of  them  as  'four  diflFerent  states'  of  'one 
kind  of  repulsive  matter',  though,  further  on,  he  ac- 
knowledges that  the  existence  of  these  as  'four  dis- 
tinct fluids,  or  kinds  of  aethereal  matter,  is  inadmis- 
sible; for  this  conversion  or  change  of  characters  is 
analogous  to  what  are  called  the  properties  of  bodies 
and  not  to  the  bodies  themselves/  Again,  in  1839, 
Seguin,  in  a  work  entitled  '  De  Tlnfluence  des  Chemins 
de  Fer,'  called  attention  to  the  mutual  convertibility  of 
heat  and  mechanical  force,  and  he  gave  a  calculation 
of  their  equivalent  relation  not  diflFering  materially 
from  that  afterwards  published  by  Mayer  and  Joule. 
In  January,  1842,  in  a  lecture  delivered  before  the 
Royal  Institution,  Professor  Grove  declared  that '  light, 
heat,  electricity,  magnetism,  motion,  and  chemical 
affinity  are  all  convertible  material  affections i*  and  in 

»  Orme's  •  Science  of  Heat/  1869,  p.  163. 

*  *On  Uie  Ultimate  Principles  of  Chemistry,  Natural  Philosophy, 
and  Physiology.' 
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the  recently  published  third  edition  of  his  *  Correlation 
of  the  Physical  Forces/  he  says,  *  As  far  as  I  am  now 
aware,  the  theory  that  the  so-called  imponderables  are 
affections  of  ordinary  matter,  that  they  are  resolvable 
into  motion,  that  they  are  to  be  regarded  in  their 
action  on  matter  as  forces^  and  not  as  specific  entitles^ 
and  that  they  are  capable  of  mutual  reaction,  thence 
alternately  acting  as  cause  and  effect,  had  not  at  that 
time  been  publicly  advanced/  But  it  was  also  in  the 
year  1842,  though  in  its  latter  part,  that  Dr.  Mayer*, 
a  physician  of  Heilbronn,  announced  independently 
a  doctrine  substantially  similar,  to  the  effect  that  the 
imponderables  were  forces  at  once  indestructible  and 
convertible.  He  actually  calculated  the  mechanical 
equivalent  of  heat  out  of  data  derived  from  the  velocity 
of  sound  in  air — an  intellectual  feat  only  possible  to 
a  man  of  rare  originality.  Professor  Tyndall  says  ^  of 
him,  *  When  we  consider  the  circumstances  of  Mayer's 
life,  and  the  period  at  which  he  wrote,  we  cannot  fail 
to  be  struck  with  astonishment  at  what  he  has  ac- 
complished. Here  was  a  man  of  genius  working  in 
silence,  animated  solely  by  a  love  of  his  subject,  and 
arriving  at  the  most  important  results  some  time  in 
advance  of  those  whose  lives  were  entirely  devoted 
to  Natural  Philosophy.  It  was  the  accident  of  bleeding 
a  feverish  patient  at  Java,  in  1 840,  that  led  Mayer  to 

^  *Bemerkungen  fiber  die  Krafte  der  umbeleten   Natur/  Liebig's 
Annalen,  1842,  vol.  xlil. 
*  Loc.  cit.  p.  445. 
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speculate  on  these  subjects.  He  noticed  that  the 
venous  blood  of  the  tropics  was  of  a  much  brighter  red 
than  in  colder  latitudes,  and  his  reasoning  on  this  fact 
led  him  into  the  laboratory  of  natural  forces,  where  he 
has  worked  with  such  signal  ability  and  success/  But 
in  the  following  year,  1843,  Mr.  Joule  of  Manchester 
published  his  first  paper  on  the  <  Mechanical  Value  of 
Heat,'  in  which  he  detailed  the  most  valuable  results 
of  a  series  of  experiments,  conducted  whilst  he  was 
in  ignorance  of  the  labours  of  S^guin  and  of  the  reason- 
ings of  Mayer.  It  is  to  him  that  we  are  principally 
indebted  for  the  actual  experimental  determination  of 
the  mechanical  equivalent  of  heat.  A  paddle-wheel 
was  made  to  revolve  in  a  copper  vessel  containing 
a  weigjhed  quantity  of  water  at  a  known  temperature. 
The  mechanical  force,  derived  fix)m  falling  weights, 
which  was  employed  in  turning  the  wheel  was  known ; 
so  that  when,  after  the  wheel  had  revolved  for  a  cer- 
tain time,  the  temperature  of  the  water  was  estimated, 
and  the  distance  through  which  the  weights  had  fallen 
in  the  same  time  was  computed,  it  became  easy  to 
estimate  the  quantity  of  heat  which  corresponded  to 
the  fall  of  a  known  weight  through  a  given  distance. 
Of  course,  corrections  had  to  be  made,  allowing  for 
the  heating  of  the  copper  vessel^  and  of  the  wheel  itself, 
as  well  as  for  the  loss  of  heat  by  radiation.  Similar 
experiments  were  conducted  with  oil  and  with  mer- 
cury, though  under  somewhat  different  conditions;  and 
in  all  cases  the  amount  of  heat  evolved  by  the  friction 
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of  the  vanes  of  the  wheel  against  the  various  fluids 
was  ascertained  with  the  greatest  care.  The  uniform 
results  obtained  in  these  experiments  enabled  Mr.  Joule 
most  satis&ctorily  to  establish  the  mechanical  equiva- 
lent of  what  has  been  termed  the  unit  of  heiat.  He 
found  that  the  energy  of  a  body  weighing  one  pound 
which  had  fallen  from  a  height  of  772  feet  was  exactly 
equal  to  the  quantity  of  molecular  motion  or  heat 
which  suflBces  to  raise  the  temperature  of  one  pound  of 
water  by  one  degree  of  the  Fahrenheit  scale  ^. 

It  is  needless  for  us  to  follow  further  the  ultimate 
developments  of  this  doctrine  with  which  the  names 
of  Clausius,  Rankine,  Thomson,  and  Helmholtz  are 
associated.  We  have  called  attention  to  the  experi- 
ments and  reasonings  by  which  it  has  been  shown  that 
an  exact  relation  of  equivalence  exists  between  the 
motion  of  masses  produced  by  mechanical  force,  and 
the  motion  of  the  particles  of  bodies  manifesting  itself 
as  heat  produced  by  friction.  Heat,  therefore,  has  been 
indubitably  established  to  be  a  'mode  of  motion^'  and 
there  is  the  very  best  reason  for  believing  that  all  the 
other  forces  or  affections  of  matter  are  similarly  re- 
lated to  motion,  whilst  they  are  also  mutually  con- 
vertible. Each  alike  may  arise  from,  or  may  give  origin 
to  motion  either  directly  or  indirectly. 

^  The  *  unit  of  heat  *  therefore,  or  that  amount  of  heat  which  will 
raise  a  pound  of  water  i'  Fahr ,  is  equal  to  772  'foot-pounds,'  if  we 
call  the  actual  energy  of  a  body  weighing  one  pound  which  has  fallen 
one  foot,  B.  foot-pound. 
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By  the  rubbing  of  substances  of  a  diflFerent  nature 
together  electricity  is  produced,  as  in  the  ordinary 
electrical  machine.  Magnetism,  again,  may  result  from 
motion;  either  immediately,  in  a  bar  of  soft  iron, 
through  a  repetition  of  percussions,  which,  producing 
motion  amongst  the  particles  of  the  bar,  facilitate  their 
assumption  of  the  magnetic  mode  of  collocation;  or 
mediately  through  the  intervention  of  electricity  which 
has  itself  been  generated  by  motion.  And,  as  Mr.  Her- 
bert Spencer  says  ^,  *  The  transformations  of  electricity 
into  other  modes  of  force  are  still  more  clearly  demon- 
strable. Produced  by  the  motions  of  heterogeneous 
bodies  in  contact,  electricity,  through  attractions  and 
repulsions,  will  immediately  reproduce  motion  in  neigh- 
bouring bodies.  Now  a  current  of  electricity  generates 
magnetism  in  a  bar  of  soft  iron ;  and  now  the  rotation 
of  a  permanent  magnet  generates  currents  of  elec- 
tricity. Here  we  have  a  battery  in  which,  from  the 
play  of  chemical  affinities,  an  electric  current  results ; 
and  there,  in  the  adjacent  cell,  we  have  an  electric 
current  eflFecting  chemical  decomposition.  In  the  con- 
ducting wire  we  witness  the  transformation  of  elec- 
tricity into  heat ;  while  in  the  electric  sparks  and  in 
the  voltaic  arc  we  see  light  produced That  mag- 
netism produces  motion  is  the  ordinary  evidence  we 
have  of  its  existence.  In  the  magneto-electric  machine 
we  see  a  rotating  magnet  evolving  electricity.     And 

'  *  First  Principles/  p.  254. 
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the  electricity  so  evolved  may  immediately  after  ex- 
hibit itself  as  heat,  light,  or  chemical  affinity.  Faraday's 
discovery  of  the  effixt  of  magnetism  on  polarized  light, 
as  well  as  the  discovery  that  change  of  magnetic  state 
is  accompanied  by  heat,  point  to  further  like  con- 
nections. Lastly,  various  experiments  show  that  the 
magnetization  of  a  body  alters  its  internal  structure ; 
and  that,  conversely,  the  alteration  of  its  internal  struc- 
ture, as  by  mechanical  strain,  alters  its  magnetic  con- 
dition.' We  need  allude  to  all  these  possibilities  of 
change  no  further ;  those  who  wish  for  additional  in- 
formation may  find  it  in  Mr.  Grove's  work. 

The  most  attentive  consideration  of  the  fects  forces 
us  to  the  conclusion — even  to  an  irresistible  belief— 
that  though  continually  varying  in  its  modes.  Force 
Itself  is  indestructible  or  persistent.  As  Mr.  Herbert 
Spencer  says,  such  an  allegation  really  amounts  to  this^ 
that  h  priori  possibilities  and  experimental  evidence 
alike  warrant  us  in  the  belief  *that  there  cannot 
be  an  isolated  force  beginning  and  ending  in  no- 
thing ;  but  that  any  force  manifested  implies  an 
equal  antecedent  force  from  which  it  is  derived,  and 
against  which  it  is  a  reaction.  Further,  that  the  force 
so  originating  cannot  disappear  without  result;  but 
must  expend  itself  in  some  other  manifestation  of 
force,  which,  in  being  produced,  becomes  its  reaction ; 
and  so  on  continually.' 

If  forces  are  nothing  but  the  inseparable  qualities, 
attributes,  or  aflfections  of  matter,  and  if  matter  is 
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itself  indestructible,  then,  of  course,  it  must  follow  as 
u  h  frim  necessity  that  forces,  or  the  attributes  of 
nutter,  are  also  indestructible  K    As  Professor  Faraday 
expresses  it  *,  ^  a  particle  of  oxygen  is  ever  a  particle 
^  oifgcn — ^nothing  can  in  the  least  wear  it.     If  it 
^ter  into  combination  and  disappear  as  oxygen — if 
^t  pass    through    a  thousand  combinations,   animal, 
Vegetable,  and  mineral — ^if  it  lie  hid  for  a  thousand 
years,  and  then  be  evolved,  it  is  oxygen  with  its  first 
Qualities.  Neither  more  nor  less.  It  has  all  its  original 
force,  and  only  that ;  the  amount  of  force  which  it  dis- 
engaged when  hiding  itself  has  again  to  be  employed 

in  a  reverse  direction  when  it  is  set  at  liberty 

Just  as  the  chemist  owes  all  the  perfection  of  his  ex- 
periments to  his  dependence  on  the  certainty  of  gravita- 
tion applied  by  the  balance,  so  may  the  physical  philo- 
sopher expect  to  find  the  greatest  security  and  the 
utmost  aid  in  the  principle  of  the  conservation  of  force. 


*■  Those  who  wish  to  follow  this  subject  further,  and  to  understand 
what  are  its  ultimate  implications,  cannot  do  better  than  read  chapters 
yL-iz.  of  Mr.  Herbert  Spencer's  •  First  Principles.*    They  will  then  see 
that  *penuUHe9  o/fore€ '  is  really  the  most  ultimate  notion,  on  which  the 
doctrine  of  the  *  indestructibility  of  matter '  as  well  as  that  of  the 
•  continuity  of  motion '  are  alike  dependent.     He  says ; — '  By  the  Per- 
sistence of  Force,  we  really  mean  the  persistence  of  some  power  which 
transcends  our  knowledge  and  conception.    The  manifestations  either 
as  occurring  in  ourselves  or  outside  of  us  do  not  persist ;  but  thaJt 
which  persists  b  the  Unknown  Cause  of  these  manifestations.    In  other 
words,  asserting  the  persbtence  of  force  is  but  another  mode  of  asserting 
an  Unconditional  Reality,  without  beginning  or  end,' — p.  355,  1st  edit. 
'  *  Researches  in  Chemistry,'  pp.  454,  459. 


1 6  THE  BEGINNINGS  OF  LIFE, 

All  that  we  have  that  is  good  and  safe,  as  the  steam- 
engine,  the  electric  telegraph,  &c.,  witness  to  that 
principle.  It  would  require  a  perpetual  motion,  a  fire 
without  heat,  heat  without  a  source,  action  without 
reaction,  cause  without  effect,  or  effect  without  a  cause,' 
to  displace  it  from  its  rank  as  a  law  of  nature.'  The 
time,  therefore,  must  come  when  the  really  fiinda^ 
mental  doctrine  of  the  persistence  or  indestructibility 
of  Force  will  be  recognized  by  all  educated  persons 
to  have  an  equal  validity  with  the  secondary,  thou^ 
more  familiar,  doctrine  of  the  indestructibility  of 
Matter.  The  two  doctrines  are  correlatives,  and  the 
admission  of  one  implies  the  truth  of  the  other  as  a 
necessary  consequence. 

Having  come  to  an  understanding  as  to  what  views 
we  are  to  take  of  Force  and  of  the  mutual  relations 
of  the  several  physical  forces,  we  now  have  to  enquire 
as  to  the  relation  in  which  these  stand  to  the  so-called 
*  vital  forces '  manifested  by  Living  Organisms. 

The  first  real^  step  in  explanation  was  taken   i 

*   In  an  'Inaugural  Address/  delivered  in  1868  at  the  Jeaflfers 
Medical  College,  U.S.,  by  Dr.  J.  Aitken  Meigs,  he  claims  the  credit 
Dr.  Metcalfe  of  having  initiated   this  part  of  the  doctrine.     IT 
claims,  and  also  others  concerning  Lardner  Vanuxem,  have  been  < 
sidered  in  the  'British  Medical  Journal,'  January  16,  1869,  p.  50. 
Metcalfe's  work,  published  two  years  earlier,  in  1843,  was  entitled, 
Caloric ;  its  Mechanical.  Chemical,  and  Vital  Agencies  in  the  P' 
mena  of  Nature.*    Dr.  Metcalfe  seems  to  have  been  a  man  of 
power  and  originality,  though  he  still  looked  upon  heat  as  a  m 
substance,  an  elastic  fluid  named  calorie.    This  view,  of  course,  ^ 
his  treatment  of  the  subject,  though  it  seems  clear,  from  the  j 
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^Hi  ^1  Mayer  of  Heilbronn,  in  a  memoir  on  *  Organic 
Movement  in  its  Relation  to  Material  Changes/  in 
irliich  he  showed  that  the  processes  taking  place  in 
living  organisms,  animal  or  vegetable,  were  produced 
hj  forces  acting  upon  them  from  without,  and  that 
the  changes  in  their  composition  brought  about  by 
these  external  agencies  were  the  immediate  sources 
of  those  modes  of  force  apparently  generated  in  the 
oi^ganisms  themselves.      In  the   same  year   also  Mr. 
Newport  was  led  by  a  consideration  of  the  relations 
which  had  been  shown  to  exist  between   light  and 
electricity  by  Faraday,  and  between  electricity  and 
nervous  power  by  Matteucci  ^,  as  well   as   '  by  the 
known  dependence  of  most  of  the  functions  of  the 
body  on  the  latter,  to  consider  light  as  the  primary 
source  of  all  vital  and  constructive  power,  the  de- 
grees and  variations  of  which   may,  perhaps,  be  re- 
ferred to  modifications  of  this  influence  on  the  special 
organization  of  each  animal  body^/    In  the  following 

which  we  subjoin,  that  his  notions  otherwise  were  verging  in  the  right 
direction.  *  All  the  chemical  changes/  he  says,  '  that  mark  the  course 
of  nature,  are  attended  with  changes  of  temperature,  from  the  slowest 
process  of  fermentation  to  the  most  rapid  combustion ;  that  is,  all  the 
decompositions  and  recombinations  of  matter  are  attended  with  the 
addition  or  subtraction  of  caloric.  Without  the  continual  agency  of  the 
solar  beams,  the  vital  air,  the  ocean,  and  the  solid  ground  would  become 
a  motionless  mass  of  inert  and  chaotic  matter.  Without  the  reception 
of  caloric  from  the  atmosphere  by  respiration,  the  wonderful  mechanism 
of  animal  motion,  sensation,  and  life,  could  not  go  on.' 

*  Physical  Phenomena  of  living  beings. 

'  This  passage  is  to  be  found  only  in  the  •  Athenaeum '  for  Dec.  ,6, 

VOL.  I.  C 


1 8  THE  BEGINNINGS  OF  UFE. 


year  Mr.  Grove  published  his  now  well-known  work 
on  the  *  Correlation  of  the  Physical  Forces/  and  in 
this^  after  having  spoken  of  the  relations  existing 
between  the  several  physical  forces,  he  said,  *I  be- 
lieve that  the  same  principles  and  mode  of  reasoning 
might  be  appliecl  to  the  organic,  as  well  as  to  the 
inorganic '  world ;  and  that  muscular  force,  animal 
and  vegetable  heat,  &c.,  might,  and  at  some  time 
will,  be  shown  to  have  similar  definite  correlations.' 
This  view  was  taken  up  by  Dr.  Carpenter,  and  was 
much  more  fully  elaborated  by  him.  In  an  article 
contributed  to  the  *  British  and  Foreign  Medico- 
Chirurgical  Review*  for  January,  1848,  Dr.  Carpenter 
maintained  '  that  the  vital  forces,  of  various  kinds, 
bear  the  same  relation  to  the  several  physical  forces 
of  the  inorganic  world  that  they  bear  to  each  other  ^ 
the  great  essential  modification  or  transformation 
being  effected  by  their  passage,  so  to  speak,  through 
the  germ  of  the  organic  structure,  somewhat  after  the 
same  fashion  that  heat  becomes  electricity  when  passed 
through  certain  mixtures  of  metals.*  Then,  in  1850, 
a  memoir  was  read  before  the  Royal  Society,  and  after- 
wards published  in  the  *  Philosophical  Transactions,' 
entitled,  *  On  the  Mutual  Relations  of  the  Vital  and 
Physical  Forces,'  in  which  the  whole  doctrine  was  much 

1845.   Though  it  originally  formed  part  of  a  paper  which  afterwards 
appeared  in  the  20th  vol.  of  the  *  Transactions  of  the  Linnacan  Society, 
but  from  which  this  particular  passage  was  omitted  by  desire  of  the 
officers  of  the  Society. 


THE  BEGINNINGS  OF  LIFE.  i  j 


more  fiiUy  discussed,  and  Dr.  Carpenter  laboured  most 
successfully  to  show  *  that  so  close  a  mutual  relation- 
ship exists  between  all  the  vital  forces,  that  they  may 
be  legitimately  regarded  as  modes  of  one  and  the  same 
force*/  And  he  also  maintained  that  these  so-called 
vital  forces  were  evolved  within  the  living  bodies  of 
plants  and  of  the  lower  animals  by  the  transformation 
of  the  li^t,  heat,  and  chemical  actjon  obtained  from 
without,  which  were  given  back  to  the  external  world 
again,  either  during  the  life  of  the  living  beings,  or 
after  their  death,  in  terms  of  motion  and  heat,  and 
also,  to  a  slight  extent,  in  the  form  of  light  and  elec- 
tricity. These  doctrines  are  thus  definitely  expressed 
by  him*: — ^'The  vital  force  which  causes  the  prim- 
ordial cell  of  the  germ  first  to  multiply  itself,  and 
then  to  develope  itself  into  a  complex  and  extensive 
organism,  was  not  either  originally  locked  up  in  that 
single  cell,  nor  was  it  latent  in  the  materials  which 
are  progressively  assimilated  by  itself  and  its  descend- 
ants® j  but  it  is  directly  and  immediately  supplied  by 

^  In  unicellular  organisms,  all  the  vital  functions,  so  far  as  they  are 
differentiated,  are  carried  on  in  the  single  cell ;  and  in  the  higher  animals 
which  proceed  from  the  growth  and  development  of  some  single,  equally 
minute  germ,  specialization  of  function  goes  hand  and  hand  with  spe- 
cialization of  structure. 

•  Loc  dt.  pp.  752-756. 

*  This  holds  good  for  plants,  the  lowest  animals,  and  the  initial 
changes  in  the  higher  animals,  though  all  the  later  vital  manifestations 
of  the  latter  are  dependent  almost  entirely  upon  the  redistribution  of  the 
forces  pertaining  to  the  organic  substances  which  constitute  their  food, 
and  to  the  various  chemical  changes  taking  place  within  their  own 

C  2 
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the  heat  which  is  constantly  operating  upon  it,  and 
vjhich  U  transformed  into  vital  force  ky  its  passage  through 

the   organized  fahric  which  manifests  it All  the 

forces  which  are  operating  in  producing  the  phenomena 
of  life  are  in  the  first  place  derived  from  the  inor- 
ganic universe,  and  are  finally  restored  to  it  again. 
....  And  there  is  strong  reason  to  believe  that  the 
entire  amount  of  force  of  all  kinds  received  by  an 
animal  during  a  given  period  is  given  back  by  it  during 
that  period,  his  condition  at  the  end  of  the  time  being 
the  same  as  at  the  beginning.  And  all  that  has  been 
expended  in  the  building  up  of  the  organism  is  given 
back  by  its  decay  after  death.' 

In  plants  and  in  the  lower  tribes  of  animals  we  are 
able  to  trace  a  most  undoubted  relationship  between 
the  vital  activity  of  each  individual  and  the  amount 
of  heat  which  it  receives  from  external  sources.     Even 


bodies.  Mr.  Herbert  Spencer  says : — *  We  have  next  to  note»  as  having 
here  a  meaning  for  us,  the  chemical  contrasts  between  those  organisms 
which  carry  on  their  functions  by  the  help  of  external  forces,  and  those 
which  carry  on  their  functions  by  forces  evolved  from  within.  If 
we  compare  animals  and  plants,  we  see  that  whereas  plants,  charac- 
terised as  a  class  by  containing  but  little  nitrogen,  are  dependent  upon 
the  solar  rays  for  their  vital  activities;  animals,  the  vital  activities  of 
which  are  not  thus  dependent,  mainly  consist  of  nitrogenous  substances. 
There  is  one  marked  exception  to  this  broad  distinction,  however^  and 
this  exception  is  specially  instruclive.  Among  plants  there  is  a  con- 
siderable group— the  Fungi— many  members  of  which,  if  not  all,  can 
live  and  grow  in  the  dark ;  and  it  is  their  peculiarity  that  they  are  very 
much  more  nitiogenous  than  other  plants.*  (rriiiciples  of  Biology,  1864, 
vol.  i.  p.  37.) 
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in  1837,  M.  Boussingault,  after  contrasting  the  meteor- 
ological circumstances  in  which  wheat,  barley,  Indian 
com,  and  the  potato  are  developed  at  the  equator  and 
in  the  temperate  zones,  with  their  different  rates  of 
growth  in  these  situations,  came  to  the  conclusion  ^that 
the  same  annual  plant  everywhere  receives  the  same 
quantity  of  heat  in  the  course  of  its  existence/  And 
in  one  of  his  more  recent  works,  speaking  of  the  Fora- 
minifera.  Dr.  Carpenter  says^,  ^  We  have  found  strong 
reason  for  regarding  temperature  as  exerting  a  most  im- 
portant influence  in  favouring,  not  merely  increase  in 
size,  but  specialization  of  development:  all  the  most 
complicated  and  specialized  forms  at  present  known 
being  denizens  either  of  tropical  or  sub-tropical  seas,  and 
many  of  these  being  represented  in  the  seas  of  colder 
regions  by  comparatively  insignificant  examples  which 
there  seems  adequate  reason  for  regarding  as  of  the 
same  specific  types  with  the  tropical  forms,  even  though 
deficient  in  some  of  their  apparently  most  important 
features.'  That  the  rate  of  growth  in  plants  depends 
most  notably  upon  the  amount  of  light  and  heat  to 
which  they  are  subjected  is  a  feet  familiar  to  most  of 
us.  The  stimulation  of  the  vital  processes  by  heat  is, 
indeed,  most  easy  of  demonstration  in  some  cases.  It 
is  now  perfectly  well  known  that  in  Valisneria^  Chara^ 
jinacharisj  and  other  plants  in  the  cells  of  which  there 
is  a  well-marked  cyclosh^  the  rate  of  revolution  of  the 

'  *  Introduction  to  the  Study  of  the  Foraminifera*  (Ray  Soc),  1862, 
p.  9. 
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particles  of  protoplasm  is,  within  certain  limits,  di- 
rectly dependent  upon  temperature.  By  variations  of 
this,  the  rapidity  of  movement  of  the  particles  in 
the  cell  may  be  seen  to  be  increased  or  diminished 
at  pleasure.  The  amoeboid  activity  of  a  white  blood 
corpuscle  or  of  a  pus  corpuscle  is  similarly  stimu- 
lated, within  certain  limits,  by  the  influence  of  heat. 
We  know  also  that  the  hatching  of  eggs  and  the 
germination  of  seeds  may  be  likewise  hastened  or 
retarded  by  access  or  deprivation  of  heat.  Considera- 
tions such  as  these  at  first  suggested  the  doctrine  of 
the  Correlation  of  the  Vital  and  the  Physical  Forces, 
— a  doctrine  which  has  been  slowly,  though  surely,  gain- 
ing ground  since  the  date  of  its  first  announcement. 
More  and  more  evidence  is  gradually  being  accumu- 
lated in  its  favour,  so  that  we  now  find  Professor 
Frankland  alluding  to  it  in  these  terms: — 'No  one 
possessing  any  knowledge  of  physical  science  would 
now  venture  to  hold  that  vital  force  ^  is  the  source 
of  muscular  power.  An  animal,  however  high  its  or- 
ganization, can  no  more  generate  an  amount  of  force 
capable  of  moving  a  grain  of  sand,  than  a  stone  can 
fall  upwards,  or  a  locomotive  drive  a  train  without  fuel.* 
Mr.  Herbert  Spencer,  also,  speaking  of  the  same  doc- 
trine, says  2, « It  is  a  corollary  from  that  primordial  truth 
which,  as  we  have  seen,  underlies  all  other  truths,  that 

^  That  is,  any  peculiar  force  existing  of  and  by  itself  independently  of 
all  the  physical  forces.    See  Proceed,  of  Royal  Institution,  June  8,  i866. 
*  *  Principles  of  Biology/  vol.  i.  p.  57. 


THE  BEGINNINGS  OF  LIFE,  23 

whatever  amount  of  power  an  organism  expends  in  any 
diape,  is  the  correlate  and  equivalent  of  a  power  that 
was  taken  into  it  from  without.  On  the  one  hand,  it 
follows  from  the  persistence  of  force,  that  each  portion 
of  mechanical  or  other  energy  which  an  organism 
exerts,  implies  the  transformation  of  as  much  organic 
matter  as  contained  this  energy  in  a  latent  state.  And 
on  the  other  hand,  it  follows  from  the  persistence  of 
frn-ce  that  no  such  transformation  of  organic  matter 
containing  this  latent  energy  can  take  place  without 
the  energy  being  in  one  shape  or  other  manifested.' 

We  shall  find  it  worth  our  while,  however,  to  follow 
up  a  little  more  fully  the  details  of  this  most  important 
doctrine,  as  it  will  aid  us  so  much  in  forming  a  true 
conception  as  to  the  nature  of  Life. 

As  pointed  out  by  M.  Gavarret  *,  most  of  the  physi- 
cal force  which,  in  the  form  of  light  and  heat,  impinges 
upon  a  plant,  is  consumed  therein  {fravail  interieur).  It 
is  stored  up  as  potential  force  in  the  complex  organic 
substances  entering  into  the  composition  of  the  plant  j 
these  being  produced  therein  (under  the  influence  of 
the  already  existing  living  tissues)  by  the  action  of 
physical  forces  upon  the  not-living  constituents  of  the 
earth,  air,  and  water  by  which  the  plant  was  surrounded. 
The  animal,  on  the  contrary,  liberating  and  using  these 
forces  which  have  been  stored  up  by  the  plant — after 
assimilating  its  substance  in  the  form  of  food — expends 
them  in  the  production  of  that  travail  exterieur  which 

»  •  Phtoom^nes  Physiques  dc  la  Vie,'  1869,  Paris  p.  73. 
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the  animal's  nature  and  the  necessities  of  its  existence 
compel  it  to  manifest.  Animals  display,  in  varying 
proportions,  three  principal  modes  of  vital  activity 
which  testify  to  the  continual  liberation  of  force  within 
them :— (i)  they  appear  to  produce  heat;  (2)  they  move, 
by  reason  of  the  contractility  of  certain  tissues;  and 
(3)  they  display  certain  nervous  phenomena. 

I.  Very  many  animals  constantly  maintain  them- 
selves at  a  temperature  above  that  of  the  medium  in 
which  they  live;  this  being  more  especially  the  case 
with  the  so-called  ^arm-bhoded  animals — amongst  which 
birds  are  most  remarkable  for  the  very  great  difference 
existing  between  their  temperature  and  that  of  the  air. 
The  cause  of  this  difference  in  temperature  between 
the  animal  and  its  medium  has  been  variously  explained 
at  different  times.  It  was  believed  by  Galen  that  heat 
was  actually  produced  de  novo  in  the  left  ventricle  of 
the  heart ;  and  even  John  Hunter  thought  that  the  pro- 
duction of  animal  heat  depended  upon  a  special  vital 
force  or  principle,  which  was  able  not  only  to  produce 
but  actually  to  destroy  heat.  Others — and  that  even 
in  comparatively  recent  times — have  striven  to  prove 
that  some  principle  resident  in  the  nervous  system  was 
capable  of  giving  rise  to  animal  heat.  The  true  theo- 
ries on  this  subject,  however,  may  be  said  to  date  as 
far  back  as  the  close  of  the  eighteenth  century,  and  to 
have  commenced  with  the  brilliant  discoveries  of  Lavoi- 
sier.    Speaking  of  his  researches,  M.  Gavarret  says  ^ : — 

^  Loc.  cit.  p.  99. 
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'  The  alimentary  substances  introduced  into  the  stomach, 
after  being  digested  and  liquified,  are  absorbed  and  sent 
into  the  vessels,  where  they  mix  with  the  blood  \  on  the 
other  hand,  the  air  introduced  at  each  inspiration  into 
the  pulmonary  cavity  yields  to  the  blood  a  part  of  its 
oxygen.  Struck  with  this  double  centripetal  move- 
ment, Lavoisier  asked  himself  what  happened  to  these 
substances  brought  into  relation  with  one  another 
within  the  blood-vessels.  Proceeding  in  this  research 
with  all  the  rigour  of  a  chemical  analysis,  he  showed 
that  the  oxygen  introduced  by  the  respiratory  passages 
attacks  the  organic  substances  furnished  by  digestion, 
bums  them,  combining  with  their  carbon  and  their 
hydrogen  to  form  ^rbonic  acid  and  water.  He  showed 
that  this  slow  combustion  of  the  organic  materials  of 
the  blood  is  an  incessant  source  of  heat  ^/  Lavoisier 
then  instituted  experiments  to  determine  the  quantity 
of  heat  abstracted  from  the  animal  by  radiation,  by 
contact  with  air,  and  by  evaporation  of  fluids  from  the 
surface  of  the  body.  On  the  other  hand,  he  measured 
the  quantity  of  oxygen  consumed,  calculated  the  propor- 
tions of  carbonic  acid  and  of  water  produced  by  the 
combination  of  this  oxygen  with  the  materials  of  the 
blood,  and  then  estimated  the  quantity  of  heat  dis- 
engaged during  these  reactions.  From  a  comparison 
of  the  results  thus  obtained  in  these  two  series  of  ob- 
servations, he  came  to  the  conclusion  that  the  chemical 
reactions   carried  on  within   the   body  would  furnish 

'  *  M^in.  de  TAcad.  des  Sciences/  1789. 
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enough  heat  to  maintain  the  animal  at  its  proper  tem- 
perature. This  conclusion  was  afterwards  confirmed  by 
many  other  experiments  and  observations.  The  re- 
searches of  Lavoisier  still  left  us  in  doubt,  however,  as 
to  whether  the  combustion  of  the  materials  of  the  blood 
took  place  in  the  capillaries  of  the  body  generally,  or 
in  those  of  the  pulmonary  circulation.  This  doubt  was 
removed  by  Spallanzani;  and  the  subsequent  experi- 
ments of  Magnus  and  of  Claude-Bernard  only  tended  to 
confirm  his  conclusion,  that  the  heat-producing  chemi- 
cal changes  were  carried  on  in  the  capillaries  of  the 
body  generally.  Thus  the  heat  evolved  in  animals  is 
some  of  that  solar  heat  which  had  previously  impinged 
upon  plants,  and  which  was  gradually  locked  up  in  the 
form  of  potential  force,  during  the  growth  of  the  plant- 
tissue  subsequently  taken  as  food  by  animals. 

2.  Turning  now  to  the  next  dynamic  manifestation  of 
animals — to  their  power  of  movement — we  may,  for  the 
sake  of  brevity,  consider  this  as  it  presents  itself  in  the 
higher  animals  only — in  those  in  which  the  movements 
depend  upon  the  contractility  of  definite  structures 
known  as  '  muscles.'  Contractility  is  the  essential  attri- 
bute of  the  muscle,  and,  being  one  of  the  peculiarly 
vital  endowments,  we  may  now  enquire  how  far  this 
vital  property  is  one  which  is  correctable  with  ordinary 
physical  forces,  or  whether  it  can  display  itself  inde- 
pendently of  these  ^     In  the  first  place,  it  is  important 

*  For  a  full  and  admirable  treatment  of  this  question  we  must  refer 
the  reader  to  pp.  iao-194  of  the  work  of  Gavarret,  already  quoted. 
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Xo  State  that  this  contractility  of  the  muscle  can  be  ex- 
dted,  for  a  time,  after  the  death  of  the  animal  of  which 
it  formed  part:  the  length  of  time  during  which  the 
property  persists  being,  generally,  longer  in  proportion 
as  the  animal  is  lower  in  the  scale  of  organization. 
During  winter  the  muscles  of  certain  fish  and  reptiles 
have  been  known  to  contract  for  a  nuetk  after  death, 
though  in  mammals  and  birds  this  property  of  the  vo- 
luntary muscles  disappears  after  a  few  hours.    From  the 
researches  of  Nysten  upon  the  bodies  of  decapitated 
criminals,  it  appears  that  in  man,  as  in  the  lower  ani- 
mals, a  certain  order  is  observed  amongst  the  different 
masdes  of  the  body  in  the  loss  of  this  vital  property. 
Contractions^  from  electrical  stimuli,  ceased  in  the  left 
ventricle  of  the  heart  after  forty-five  minutes;  in  the 
muscles  of  the  extremities  after  seven  hours ;  and,  last 
of  all,  in  the  right  auricle  of  the  heart,  which,  on  this 
account,  had  been  previously  spoken  of  by  Galen  as 
^ultimum  moriens.*     In  one  instance,  Nysten  found 
that  this  portion  of  the  human  heart  could  be  made  to 
contract  j6i  hours  after  the  death  of  the  individual. 
Contractility  of  the  muscle  cannot,  therefore,  be  due 
to  any  peculiar  *  vital  principle'  which  leaves  the  body 
when  the  organism  dies. 

Although  the  muscle  is  usually  excited  to  contract  by 
a  stimulus  sent  through  a  nerve,  we  have  now  learned — 
principally  through  the  phenomena  observable  in  ani- 
mals poisoned  by  woorara — that  the  contractility  of  the 
muscle   may  be  called  into  play  through  the  direct 
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action  of  a  stimulus,  and  without  any  intervention  of  th^ 
nervous  system.  The  contractility  is,  however,  closely 
related,  and  more  or  less  proportionate  in  degree,  to 
the  supply  of  arterial  blood  circulating  in  the  capillary 
vessels  with  which  it  is  furnished.  The  experiments 
of  Longet  ^  on  this  subject  are  most  instructive.  He 
found,  as  a  result  of  experimentation  upon  many  ani- 
mals, that  all  traces  of  contractility  after  the  direct 
application  of  a  stimulus  disappeared  from  muscles 
which  had  received  no  arterial  blood  for  a  space  of  two 
hours  3  but  that  almost  as  soon  as  the  afflux  of  arterial 
blood  to  the  muscle  was  again  permitted — even  in  the 
space  of  a  few  minutes — the  contractility  of  the  muscles 
again  manifested  itself  upon  the  application  of  a  stimu- 
lus, either  direct  or  indirect.  But  those  heat-liberating 
chemical  reactions — the  processes  of  combustion  neces- 
sary for  the  continuance  of  the  nutritive  changes — are 
carried  on  in  the  capillaries  of  the  muscle  as  well  as  in 
the  capillaries  of  other  parts  of  the  body;  and  it  would 
seem  that  the  disappearance  of  the  property  of  contrac- 
tility from  the  muscle  is  dependent  upon  that  stoppage 
of  the  heat-evolution  therein  which  the  arrest  of  the 
circulation  entails.  In  support  of  this  view,  on  the  one 
hand,  it  has  been  shown  bj^  M.  BecquereP  that  the 
temperature  of  a  muscle  becomes  sensibly  lowered  when 
the  artery  supplying  it  is  compressed ;  and,  on  the  other, 

*  *  Traits  de  Physiologic/  3me  ^.  1869.  t.  ii.  p.  613. 

•  *  Ann.  de  Chimie  de  Physique/  1835,  t.  lix.  p.  135. 
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^^  iearn,  from  the  experiments  of  Matteucci  *,  that  the 
activity  of  the  processes  of  combustion  within  the 
muscle  increase  during  its  contraction '^. 

Many  separate  sets  of  investigations  do  indeed  tend 
to  show  that  an  excess  of  heat  is  developed  during  mus- 
cular activity,  though,  on  the  other  hand,  there  is  evi- 
dence  to  prove,  from  the  highly  interesting  experiments 
of  M.  Beclard  ®,  whose  results  have  been  confirmed  and 
extended  by  M.  Heidenhain,  the  increase  in  the  acti- 
vity of  the  chemical  changes  which  undoubtedly  exists 
during  muscular  exercise,  is  much  greater  than  can  be 
accounted  for  by  the  actual  increase  of  sensible  heat  in 
the  body.  After  alluding  to  these  various  investigations, 
M.  Gavarret  generalizes  their  results  as  follows*: — 

*  •  Letture  snl  T  elettro-i^ysiologia/  Milano,  1867,  p.  36. 

'  During  a  state  of  rest,  or  moderate  exercise,  combustion  and  eli- 
mination of  its  products  are  duly  regulated  in  the  muscle.  So  long  as 
this  ^balance  is  maintained  the  muscle  preserves  its  physiological  pro- 
perties, and  the  chemical  reaction  of  its  juice  remains  neutral  or  alkaline. 
But  when  excessive  activity  of  the  muscle  is  maintained,  then  the  pro- 
cesses of  elimination  can  no  longer  keep  pace  with  those  of  combustion  : 
lactic  acid  accumulates  within  the  muscle,  and  the  reaction  of  its  juice 
becomes  decidedly  acid.  The  contractility  is  gradually  enfeebled  by 
the  increasing  accumulation  of  these  effete  products  within  the  muscle, 
and  the  feeling  o{ fatigue  is  induced.  There  is  good  reason  for  believing 
that  this  feeling  of  fatigue  is  rather  dependent  upon  the  accumulation  of 
these  products  of  combustion  within  the  muscle  than  upon  an  actual 
molecular  wasting  of  the  muscle-substance.  There  is,  however,  a  more 
general  feeling  of  fatigue  which  is  dependent  rather  upon  state  of  nerv- 
ous system  than  state  of  muscle. 

'  '  De  la  Contraction  musculaire  dans  ses  rapports  avec  la  tcmpdrature 
animale,'  Paris,  1861. 

•  Log.  cit  p.  135. 
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'All  these  experiments  agree  in  showing  that  in  the 
muscular  system  of  an  animal  which  accomplishes  ^ir- 
tual  ^ark  (such  as  raising  a  weight,  dragging  a  load,  &c.) 
everything  goes  on  as  in  an  ordinary  steam-engine. 
Whilst  the  muscle  performs  wcriy  the  heat  produced  by 
the  internal  combustions  becomes  divided  into  two 
complementary  portions;  the  one  part  appears  as  sem^ 
sii/e  heat,  and  determines  the  temperature  of  the  muscle, 
the  other  disafpearsy  so  far  as  its  existence  in  the  form 
of  heat  is  concerned,  and,  by  the  intervention  of  the 
muscular  contraction,  hcomes  transformed  into  mechanic 
cal  ivori.  The  muscle  is  an  animated  machine^  which, 
like  the  steam-engine,  utilizes  the  heat  in  order  to 
produce  work:  in  both  cases  there  is  necessarily  an 
equivalence  between  the  heat  which  disappears,  or  is 
consumed,  and  the  external  work  achieved/  In  con- 
sideration of  its  origin,  the  energy  manifested  during 
the  contraction  of  the  muscle  is  directly  comparable 
with  the  energy  due  to  the  elasticity  of  vapour  when 
this  is  the  motor  power  at  work,  as  in  a  steam-engine. 
Chemical  change — combustion,  in  fact — in  each  case,  in 
muscle  and  steam-engine  alike,  causes  the  liberation  of 
heat;  and  in  each  case  part  of  this  liberated  force  is 
capable  of  manifesting  itself  anew  in  the  form  of  me- 
chanical energy.  It  matters  not  whence  the  heat  is 
derived — whether  it  comes  from  the  decomposition  of 
the  recently  assimilated  food-products  in  the  blood 
which  circulates  through  the  muscle,  or  whether  it 
proceeds  from  the  liberated  energy  or  sun-force  that 
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may  have  been  locked  up  for  ages  in  the  bowels  of  the 
earth,  but  which  is  now  set  free  by  a  process  of  com- 
bustion in  the  engine  fire — the  result  is  the  same,  and 
in  the  muscle,  as  much  as  in  the  steam-engine,  we  have 
to  do  with  a  machine  in  which  the  transference  of  heat 
ittto  mechanical  energy  is  capable  of  being  effected. 
The  muscle,  it  is  true,  is  a  much  more  subtle  kind  of 
niachine,  and  the  precise  mode  of  its  action  is  as  yet 
Mdden  from  us ;  we  know  not  hov3  it  is — through  what 
precise  molecular  changes  taking  place  in  the  substance 
^  the  muscle — that  the  heat  which  disappears  as  heat, 
IS,  through  the  property  of  contractility y  enabled  to  re- 
^PP^   in    the   form    of    mechanical    energy    whilst 
^c  animal   performs   its   manifold   muscular   move- 
ments.   That  this  is  so,  however,  we  know ;  and  we 
*now,  moreover,  that  as  a  mere  machine  for  the  con- 
^e^sion  of  heat  into  mechanical  energy,  the  muscle  far 
^^Is  the    best  steam-engine   which   has   ever   been 
^^nstnicted.     The  merits  of  such  a  machine  must  of 
^^^^^^  be  judged,  other  things  equal,  according  to  the 
Sweater  or  less  proportion  of  the  total  heat  liberated 
therein  which  is  capable  of  being  converted  into  me- 
"Janical  energy  available  ^  for  the  execution  of  actual 
^ork.     Now,   the   investigations  of   Helmholtz   and 

^vdlahU  muscular  energy  must  be  distinguished  from  total  muscular 
*'8yi  some  of  which — whilst  a  man  is  performing  work — is   ex- 

P^cd  in  balancing  the  body  or  in  other  ways  not  directly  effective. 
^  the  amount  of  loss  of  effective  or  available  energy  in  this  and  in 

^^  Ways  (such  as  from  friction,  radiation,  &c.)  which  regulates  the 

^^  of  muscular  and  all  other  machines. 
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Him  have  gone  to  show  that  a  man  is  capable  of  util- 
izing, for  the  production  of  available  muscular  energy, 
ane-fifth  of  the  total  amount  of  heat  developed  in  his 
body ;  whilst  the  admirable  labours  of  the  latter  inves- 
tigator have  also  shown  that  even  the  most  perfect 
steam-engine  that  has  yet  been  constructed  is  only 
capable  of  utilizing  about  oue^ghth  ^  of  the  total  amount 
of  heat  liberated  therein  *.     We  now  know  also,  in  op- 

'  This  estimate  is  much  more  in  favour  of  the  steam-engine  than  that 
of  other  investigators.  According  to  Rankine,  only  from  i*^  to  ^  of 
the  heat  of  the  fuel  is  capable  of  manifesting  itself  as  mechanical 
energy ;  Sir  William  Armstrong,  again,  considers  -ji^  as  the  maximum, 
though  he  thinks  the  average  conversion  to  be  about  -^jf  of  the  total 
potential  force  of  the  fuel. 

^  In  continuation  of  this  subject  M.  Gavarret  says  (loc  cit.  p.  146)  : — 
*  Mais  pour  sc  fairc  une  juste  id^  du  haut  degr^  de  perfection  qui  peut 
atteindre  le  moteur  anim^,  il  faut  fixer  son  attention,  sur  la  rapidity  des 
mouvements  cxdcutds  d  une  manifere  continue  par  certains  oiseaux  et  les 
insectes  aL's,  pendant  Ics  heures  et  meme  des  journ^es  enti^res. — En 
quatre  ou  cinq  minutes  Taigle  s'^l^ve  k  6  ou  7000  metres  et  disparalt, 
dans  les  airs :  d'apr^s  Pictio  de  Lavalle,  le  pigeon  messager  de  Perse 
fait  en  un  jour  plus  de  chcmin  qu'un  homme  de  pied  en  six. — I.^es 
hirondelles  volcnt  pendant  des  joumdes  enliferes  ddcrivant  mille  et  mille 
sinuositds  dans  les  airs  pK>ur  atteindre  les  petites  insectes  dont  clles  font 
Icur  nourriture ;  leur  vol  est  si  rapide  et  si  soutenu  que  sept  h,  huit  jours 
leur  sufTisent  pour  se  transporter  de  nos  climats  sous  la  ligne ;  Adanson 
en  a  vu  arriver  au  S^ndgal  trois  ou  quatre  jours  aprfes  leur  dtfpart 
d'P^urope. — Le  faucon  de  Henri  II  s'etant  emport<5  apr^s  une  canar- 
diere  k  Foutainebleau,  fut  pris  le  lendemain  h  Malte  et  reconnu  k  Tan- 
neau  qu'il  portait;  un  faucon  des  Canaries,  envoys  au  due  de  Lerme 
rcvint  d'Andalousie  h.  I'Ue  de  Tdndrififc  en  seize  heures,  ce  qui  fait  un 
trajct   de  250  licues  execute  avec  un  vitcssc  moyenne  de  16  licues  h 
Iheure. —  Hans  Sloane  assure  qua  la  Barbade  les  moucttcs  vont   se 
promener  en  troupes  a  plus  de  60  licues  de  distance  en  mer,  et  que  le 
meme  jour  elles   rcgagnent  leur  point  de  depart. — Certains  insectes. 
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position  to  the  doctrines  of  Liebig,  that  the  heat  which 
is  transformed  into  mechanical  energy  is  by  no  means 
necessarily  derived  from  the  combustion  of  nitroge- 
nous substances;  and,  least  of  all,  from  an  oxidation 
of  the  substance  of  the  muscle  itself.  This  doctrine  of 
Liebig,  which  was  for  a  long  time  accepted  by  many 
physiol(^sts^  was  from  the  commencement  rejected  by 
a  few,  and  notably  so  by  Mayer,  in  his  celebrated 
memoir  before  alluded  to  ^.  In  this  memoir  he  insisted 
that — ^^A  muscle  is  only  an  apparatus  by  means  of 
which  the  transformation  of  force  is  brought  about, 
but  it  is  not  the  substance  by  the  chemical  change  of 
which  the  mechanical  effect  is  produced/  The  recent 
admirable  researches  of  MM.  Fick  and  Wislicenus^ 
arc  entirely  in  favour  of  this  notion.  They  found,  in 
making  a  mountain  ascent,  that  the  total  combustion 
of  nitrogenous  materials  would  only  suffice  to  produce 
about  one-half  of  the  total  eflFective  energy  which  must 
have  been  expended  during  the  excursion.  This  and 
other  considerations  render  it  almost  certain  that  the 
heat  which  is  converted  into  mechanical  energy  during 

comme  les  taons  peuvent  suivre  pendant  de  longues  heures  un  cheval 
lanctf  an  grand  trot.  Par  one  belle  joum^e  de  mai  ou  de  juin  I'abeille 
vole  d'nne  mani^re  continue  du  matin  au  soir,  pour  aller  cucilUr  dans  les 
corolles  des  fleurs  et  rapporter  k  la  ruche  les  mat^riaux  ndcessaires  aux 
travaux  et  k  la  nourriture  de  la  communaut^/ 
>  *  Organic  Movement  in  its  Relation  to  Material  Changes,*  Heilbronn, 

1845- 
'  •  Philosophical  Magazine/  vol.  xxxi.  p.  485.     For  most  important 

additional  facts  and  explanations,  see  a  paper  by  Prof.  Parkes  in  '  Pro- 
ceedings of  the  Royal  Society/  1867,  pp.  53-59. 
VOL.  1.  D 
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muscular  action  is  derived  from  no  peculiar  source.  Wc 
know  that  heat  is  set  free  by  nutritive  chemical  changes 
taking  place  in  the  blood  which  circulates  through  the 
capillaries  of  the  muscular  system,  and  that  the  sub- 
stances which  undergo  these  changes  are  dissolved  non- 
nitrogenous,  as  well  as  nitrogenous  products  of  assimi- 
lation.   We  know,  in  fact,  that  the  muscle  acts  only  as 
a  machine  for  the  purpose  of  converting  a  portion  of 
the  heat  thence  derived  into  mechanical  energy  *,  and 
that  the  substance  of  the  muscle  itself — not  yielding  the 
force  which  is  to  be  transformed — undergoes  merely  a 
molecular  wasting  by  virtue  of  its  own  functional  acti- 
vity as  a  transformative  apparatus,  just  as  the  parts  of 
a  steam-engine  are  subject  to  a  gradual  wear  and  tear 
produced  by  the  friction  occasioned  during  its  activity  2. 

'  The  machine  being  called  into  action,  merely,  by  the  nerve,  and  the 
stimulus  coming  through  this  being  partly,  though  not  wholly,  to  the 
contraction  of  the  muscle  as  the  spark  is  to  exploding  gunpowder. 
The  experiments  of  Matteucd  ('Letture  sul  V  elettro-physiologia,'  Milan, 
1867,  p.  35 'J  go  to  show  that  the  mechanical  work  effected  by  a  muscle 
during  its  contraction  may  be  30,000  times  greater  than  the  work  ex- 
pended in  the  excitation  of  the  nerve.  On  the  other  hand,  there  is 
abundant  evidence  to  show  that  the  strength  and  vigour  of  the  muscular 
contraction  varies  with  the  amount  or  intensity  of  the  nerve-change 
which  calls  it  into  play.  The  same  muscle  which,  in  certain  states  of 
the  ner\'ous  system,  may  be  almost  powerless,  may  in  others  be  made  to 
contract  with  far  more  than  ordinary  energy. 

'  The  molecular  restitution  of  muscle,  of  brain,  and  of  the  nitrogenous 
tissues  generally,  which  are  in  continual  need  of  repair,  make  it  essential 
that  nitrogenous  substances  should  to  a  certain  extent  be  consumed  as 
food.  But  so  far  as  muscular  action  is  concerned  the  nitrogenous  sub- 
stances are  needed  for  the  repair  of  the  machine,  and  not.  as  formerly 
supposed,  as  a  source  of  the  energy  which  is  to  be  transformed  through 
the  intervention  of  the  machine. 
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5.  Turning  now  to  the  third  mode  of  vital  activity — 

Xo  that  which  manifests  itself  in  the  display  of  nervous 

phenomena  —  we  shall  find  that  these  manifestations 

are  also  closely  dependent  upon  the  integrity  of  certain 

material  structures,  and  that  their  appearance  coincides 

with  an  increase  in  the  quantity  of  heat  appreciable 

in,  or  in  the  neighbourhood  of  these  structures. 

The  Nervous  System  is  made  up  of  nerve-cells  and 
nerve-fibres  in  various  states  of  aggregation.  The 
nerve-cells  are  elements  in  which  great  molecular 
chajiges  are  supposed  to  take  place,  attended  by  the 
Jiberation  of  molecular  motion,  whilst  the  nerve-fibres 
are,  for  the  most  part,  mere  channels  of  communica- 
.tion  along  which  this  molecular  motion  is  conducted. 
The  matter  of  which  the  nervous  system  is  com- 
posed was  originally  almost  uniform  in  structure  and 
property ;  but,  little  by  little,  developmental  differen- 
tiations take  place  in  the  embryo,  with  which  are 
associated  correlated  differences  in  function.  As  Mr. 
Herbert  Spencer  says,  all  direct  and  indirect  evidence 
'  justify  us  in  concluding  that  the  nervous  system  con- 
sists of  ime  kind  of  matter  under  diiSFerent  forms  and 
conditions.  In  the  grey  tissue  this  matter  exists  in 
masses  containing  corpuscles^  which  are  soft  and  have 
granules  dispersed  through  them,  and  which,  besides 
being  thus  unstably  composed,  are  placed  so  as  to  be 
liable  to  disturbance  in  the  greatest  degree.  In  the 
white  tissue  this  matter  is  collected  together  in  ex- 
tremely slender  threads  that  are  denser,  that  are  uniform 
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in  texture,  and  that  are  shielded  in  an  unusual  manner 
from  disturbing  forces,  except  at  their  two  extre- 
mities ^*  On  the  one  hand,  these  fibres  connect  peri- 
pheral parts  with  the  nerve-centres,  whereby  such  parts 
are  rendered  sensitive  i  whilst,  on  the  other  hand,  the 
nerve-centres  are  also  in  connection  with  other  sets  of 
nerve-fibres  which  are  accustomed  to  transmit  stimuli 
outwardly  towards  the  muscles  in  which  they  are  dis- 
tributed, so  as  to  call  them  into  activity.  The  expe- 
riments of  Phillipeaux  and  Vulpian  have  abundantly 
confirmed  the  reasonings  of  Mr.  G.  H.  Lewes  %  which 
went  to  show  that  there  was  no  real  difference  in  pro- 
perty between  the  so-called  sensory  and  motor  nerves. 
The  fundamental  property  of  each  alike  is  the  capa- 
bility of  transmitting  a  stimulus,  and  for  this  property 
Mr.  Lewes  proposed  the  name  neurilitj.  Neurility, 
therefore,  is  the  characteristic  property  of  a  nerve,  just 
as  contractility  is  the  characteristic  property  of  a  muscle ; 
and  the  diflFerent  results  produced,  when  a  sensory  and 
a  motor  nerve  respectively  are  stimulated,  is  due  to  the 
different  nature  of  the  organs  to  which  the  stimulus  is 
directed.  When  the  stimulus  traverses  the  nerve  in 
an  afferent  direction,  this,  impinging  upon  a  nerve- 
centre,  liberates  a  larger  or  smaller  quantity  of  energy, 
and  may  produce  what  is  called  a  sensation ;  but  when, 
on  the  other  hand,  a  stimulus  originating  in  a  nerve- 
centre  is  propagated  in  an  efferent  direction,  then  this 

'  'Principles  of  Psychology/  1P69,  No.  20,  p.  14. 
*  *  Physiology  of  Common  Life,'  1859^ 
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Stimulus  calls  into  play  the  contractility  of  a  muscle, 
^  so  gives  rise  to  a  motor  act. 

As  we  have  already  seen  in  respect  to  the  muscle, 
that  \\&  contractility  lasts  for  a  varying  period  after  the 
teh  of  the  animal,  so  is  it  in  the  case  of  the  nerve. 
'^^^^  after  the  death  of  the  animal,  is  still  capable  of 
transmitting  a  stimulus — ^a  fact  which  is  shown  by  its 
power  (when  stimulated)  of  calling  into  action  the  muscle 
^  which  it  is  distributed.     The  precise  length  oP  time 
during  which  the  property  survives  increases  also  in  pro- 
portion as  the  animal  is  low  in  the  scale  of  organization. 
Again,  there  are  many  experiments  of  the  most  striking 
kind  on  record  which  show  the  complete  dependence  of 
the  nervous  system  upon  a  due  supply  of  arterial  blood. 
Without  this  all   nerve-functions  soon  cease  in  parts 
thus  cut  off  from  their  stores  of  potential  energy.     The 
experiments  of  many  observers  have  shown  that,  when 
the  posterior  part  of  the  body  of  a  mammalian  animal 
has  been  cut  off  from  its  blood  supply  by  ligature  of 
the   abdominal  aorta,  the  complete  insensibility  and 
disappearance  of  all  re/iex'^  excitability   which   soon 
supervenes,  may  be  made  to  cease  in  the  course  of  a 
few  minutes  by  the  removal  of  the  ligature  from  the 
main  artery.     The  renewal  of  the  circulation  of  the 
blood  through  the  grey  matter  of  the  spinal  cord  re- 
stores to  this  and  to  the  paralysed  parts  generally  their 


*  That  is  to  say,  the  ability  to  give  rise  to  movements,  in  response  to 
external  stimuli,  through  the  intervention  of  lower  nerve-centres,  in- 
dependently of  the  action  of  Will  or  volition. 
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temporarily-abolished  functions.  Non-sensitive  parts 
again  become  sensitive,  and  the  paralysis  of  motor  power 
disappears.  Even  when  the  posterior  part  of  the  body 
of  such  an  animal  has  been  completely  severed  from  the 
anterior,  and  when  all  signs  of  reflex  excitability  have 
disappeared,  M.  Brown-S^uard  has,  nevertheless,  found 
that  the  injection  for  a  time  of  oxygenated  and  defibri- 
nated  blood  seems  to  restore  to  the  spinal  cord  all  its 
properties — ^so  that  irritation  of  the  skin  again  gives 
rise  to  reflex  movements.  The  functions  of  the  brain 
are  similarly  dependent  upon,  and  modifiable  by,  the 
nature  of  the  blood  supply.  Sir  Astley  Cooper  having 
tied  the  two  carotid  arteries  of  a  rabbit,  completely 
cut  ojflF  the  afflux  of  blood  to  the  brain  by  compressing 
the  two  vertebral  arteries;  when  the  animal  very 
shortly  lapsed  into  a  state  of  complete  stupor  or  coma, 
which  continued  until  the  compression  was  removed 
from  the  two  latter  vessels.  As  soon  as  this  was  done, 
however,  the  animal  again  exhibited  signs  of  life.  The 
experiments  of  M.  Vulpian  upon  frogs  have  yielded  even 
still  more  striking  results.  He  stopped  the  circulation 
of  blood  throughout  the  body  generally,  by  tying  the 
heart  at  the  origin  of  the  great  vessels.  This  occasioned 
a  gradual  cessation  of  all  vital  manifestations.  In 
such  animals,  however,  these  manifestations  are  slow 
to  disappear,  so  that  it  was  not  till  after  the  expi- 
ration of  t*wo  or  three  hours  that  all  signs  of  life  had 
gone.  After  this  period  no  trace  of  any  excitability 
could  be  detected  in  the  spinal  cord,  and  the  animal 
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iras  practically  dead  ^  but  for  the  fact  that  the  heart  still 
exhibited  feeble  contractions  *,  although  the  presence  of 
the  ligature  still  prevented  the  egress  of  blood  from  its 
cavities.    In  this  condition  the  frog  might  be  allowed 
Xo  remain  for  even  tkree  or  fmtr  hours  ,•  and  yet,  when 
the  ligature  was  removed,  the  heart  still  continuing  to 
beat,  the  circulation  soon  became  completely  re-estab- 
lished.  The  other  vital  functions  reappeared  much  more 
slowly.      After  about   half-an-hour  the   first  signs  of 
respiratory  movements  showed  themselves — at  first  at 
irr^ular  and  distant  intervals,  and  then,  gradually,  with 
their  accustomed  rhythm.   But  it  was  not  till  after  about 
two  hours  more  that  the  spinal  cord,  as  a  whole,  re- 
gained its  excitability,  and  that  reflex  movements  were 
producible  by  irritation  of  the  skin.     Later  still,  the 
power  of  voluntary  movement  was  resumed,  and  the  pre- 
viously dead  animal  was  seen  to  have' recovered  all  its 
vital  powers  *. 

>  The  animal,  as  a  whole,  was  certainly  dead,  although  it  retained 
within  itself  the  potentiality  of  living.  Life  might  be  renewed,  if  its 
tissues  and  organs  were  again  exposed  to  fitting  conditions,  but  not 
otherwise. 

'  We  have  seen,  already,  how  long  even  in  the  human  subject  signs 
of  vitality  remain  in  the  right  auricle  of  the  heart.  All  this  is  much  more 
manifest  in  the  Amphibia,  and,  from  what  has  been  stated  above,  we 
can  only  conclude  that  the  cardiac  ganglia,  in  these  creatures  as  well  as  in 
others,  are  capable  of  retaining  their  vital  properties  longer  than  the 
spinal  centres. 

•  M.  Gavarxet  calls  attention  to  the  Memoir  of  Legallois  published 
in  181  a,  '  Sur  le  Principe  de  la  Vie,'  in  which  he  showed  a  rare  insight 
and  prescience.  Legallois  said  {(Euvres,  t.  i.  p.  131) : — *  Si  Ton  pouvait 
supplier  an  coenr  par  une  sorte  d'injection  et  si  en  mdme  temps  on  avait, 
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It  has  been  ascertained  very  definitely  by  the  expe- 
riments of  Helmholtz  and  of  M.  Schiff,  that  the  trans- 
mission of  a  stimulus  through  a  nerve  is  marked  by  a 
rise  of  temperature  therein ;  whilst  the  extremely  inte- 
resting experiments  of  Dr.  Lombard  seem  to  show  that 
a  similar  rise  of  temperature  takes  place  in  the  brain 
itself  1,  when  it  is  in  a  state  of  activity.     Liebreich 

pour  fournir  k  Tinjection  d'une  mani^re  continue,  une  provision  d< 
sang  art^riel,  on  parviendrait  sans  peine  k  entretenir  la  vie  ind^finemeni 
dans  quelque  tron^on  que  ce  soit ;  et  par  consequent,  apr^s  la  decapi- 
tation, on  Tentretiendrait  dans  la  t^te  elle-mdme  avec  toutes  les  fonction! 
qui  sont  propres  au  cerveau.  Non  seulement  on  pourrait  entretenir  li 
vie  de  cette  mani^^re,  soit  dans  la  t6te,  soit  dans  toute  autre  partie  isolei 
du  corps  d'un  animal,  mais  on  pourrait  Vy  rappel^r  apr^  son  enti^n 
extinction.'  These  predictions  of  Legallois  have  received  a  most  re 
markable  verification  by  the  experiments  of  Brown-S^quard,  which  an 
thus  referred  to  by  M.  Gavarret : — *  Sur  un  chien,  M.  Brovm-S^quan 
s^pare  la  tdte  du  tronc ;  il  attend  butt  ou  dix  minutes  jusquTi  ce  que 
depuis  quelques  instants,  le  bulbe  rachidien  et  le  reste  de  I'enoephalt 
aient  bien  ^videmment  perdu  toute  trace  appr^able  d'exdtabilit^ ;  pui: 
il,  pratique  des  injections  r^it^r^  de  sang  d^fibrin^  et  oxyg^n^  k  la  for 
dans  les  art^res  carotides  et  dans  les  vert^rales.  Quelques  mouvement: 
d^sordonn^s  apparaissent  au  bout  de  deux  ou  troit  minutes,  puis  le 
muscles  des  yeux  et  de  la  face  ex^cutent  des  mouvements  coordonn^i 
vdritables  manifestations  de  la  vie,  qui  tendent  k  faire  admettre  que  le 
fonctions  c^r^brales  se  sont  r^tablies  dans  cette  t6te  completement  sepa 
r^e  du  tronc.*     (Loc.  cit.  p.  237.) 

*  See  *  Journal  de  Physiologic,*  t.  i.  670.  Intellectual  and  emotiona 
activity  alike  produced  a  rise  of  temperature,  which  was  always  mos 
appreciable  over  the  posterior  part  rather  than  the  frontal  r^on  of  thi 
head.  We  must  suppose  that  the  heat  detectable  in  these  cases  is  somi 
surplus  portion  of  that  set  free  in  the  blood  of  the  part — a  portioi 
which  has  escaped  modification  into  nerve-force.  The  muscle,  as  wi 
have  seen,  is  only  capable  of  utilizing  a  portion  of  the  heat  actually 
liberated.  But  if  the  analogy  between  the  mode  of  action  of  the  muscl 
and  the  nerve-centre  does  not  hold — and  there  is  still  much  room  fo 
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and  M.  Byasson  think  that  such  evolution  of  heat  is 
produced  by  an  increased  amount  of  chemical  change 
in  the  active  parts;  though  the  investigations  of  Dr. 
L.  H.  Wood  ^  go  to  show  that  (as  was  the  case  in  the 
activity  of  muscle)  the  liberated  enei^  is  not  derived 
from  the  oxidation  of  the  nerve-substance  itself,  but 
rather  from  an  oxidation  of  the  pabulum  supplied  by 
the  blood  to  the  functionally  active  parts.  It  is  quite 
reasonable  to  suppose,  however,  that  nerve-organs,  by 
virtue  of  their  activity,  should  undergo  a  certain  amount 
of  waste*;  and,  probably,  it  is  this  of  which  we  get 
evidence  in  the  observations  of  Liebreich  as  to  the 
diminution  of  frotagon  in  parts  of  the  nervous  system 
which  had  long  been  in  a  state  of  uninterrupted  activity. 

doubt  on  this  subject — then  the  local  increase  of  heat  may  be  due  to 
mere  increased  afflux  of  blood,  either  alone  or  supplemented  by  heat 
which  is  liberated  during  the  molecular  changes  taking  place  in  the 
nerve-tissue  itself. 

^  *  On  the  Influence  of  Mental  Activity  on  the  Excretion  of  Phos- 
phoric Add  by  the  Kidneys/  (*  Proceedings  of  Connecticut  Medical 
Sodcty/  1869.  p.  197.) 

*  The  researches  of  Professor  Haughton  (•  Dublin  Quarterly  Journal 
of  Medical  Science/  i860)  and  also  of  M.  Byasson  (*Thbse  de  Paris,* 
1868,  No.  163)  have  shown  that  the  same  individual  during  periods  in 
whidi  he  has  undergone  much  intellectual  labour  and  a  minimum  of 
xnuscalar  exerdse,  passes  as  much  or  even  more  urea  than  during  other 
similar  periods  when  there  has  been  much  muscular  exertion  and  a 
iHrnimnm  of  intellectual  labour.  The  analyses  of  M.  Byasson  go  to 
show  that  the  same  individual,  under  the  influence  of  the  same  diet, 
passed  in  34  hours  the  following  quantities  of  urea : — 

During  a  period  of  rest 20*46  grms. 

During  a  period  of  muscular  labour   ....     32-90 
During  a  period  of  cerebral  activity    ....    23*88 


»» 
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The  molecular  motion  or  energy,  set  free  in  the  ner- 
vous system,  subserves  very  different  purposes.  Upon 
evidence  which  cannot  now  be  gone  into^  it  could  be 
shown  {a)  that  the  nervous  system  plays  an  important 
part  in  regulating  the  various  secretions  and  in  in- 
fluencing the  nutrition  of  the  body  generally.  It  is 
nerve-force  again  (B)  which  initiates  or  calls  into  play 
the  activity  of  the  various  muscles  by  which  the  count- 
less movements  within  the  bodies  of  animals  are  pro- 
duced, and  also  those  by  which  locomotion  and  external 
visible  movements  generally  are  effected.  But  nerve- 
changes  also  {c)  give  rise  to  other  manifestations — mani- 
festations altogether  peculiar  in  kind  and  peculiar  to  the 
individual  in  whom  they  occur.  Feeling  is  the  basis  of 
Consciousness^  and  this  is  a  property  sui  generis^  which  is 
believed  to  be  called  into  existence  by  the  action  or 
occurrence  of  molecular  changes  within  certain  parts  of 
the  brain  ^. 

Whilst  the  manifestation  of  mental  phenomena,  in 

*  *  Feeling  of  whatever  kind  is  directly  known  by  each  person  in  no 
other  place  than  his  own  consciousness.  That  feelings  exist  in  the  world 
beyond  consciousness  is  a  belief  reached  only  through  an  involved  com- 
bination of  inferences.  That,  alike  in  human  and  inferior  beings,  feel- 
ings are  accompaniments  of  changes  in  the  peculiar  structure  known  as 
the  ner\'ous  system,  is  also  an  indirectly  established  belief.  And  that 
the  feelings  alone  cognizable  by  any  individual  are  products  of  the 
action  of  his  own  nervous  Fysiem,  which  he  has  never  seen,  and  on 
which  he  can  try  no  experiments,  is  a  belief  only  to  be  arrived  at  through 
a  further  chain  of  reasoning.  Nevertheless,  the  evidence,  though  so 
indirect,  is  so  extensive,  so  varied,  and  so  congruous,  that  we  may  ac- 
cept the  conclusion  without  hesitation.*—  Herbert  Spencer,  *  Principles 
of  Psychology/  1869,  p.  1 28. 
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the  ordinary  sense  of  the  term,  therefore,  corresponds 
only  to  a  fractional  part  of  nerve-activities  in  gene- 
ral, there  is,  again,  the  very  best  reason  for  believ- 
ing that  Consciousness,  so  far  from  being  co-exten- 
sive with  Mind,  or  mental  phenomena,  is  in  reality 
limited  to  a  comparatively  small  portion  of  what 
may  be  rightly  ranged  under  this  category.  Many  truly 
mental  phenomena  never  reveal  themselves  in  con- 
sciousness at  all,  and  the  roots  of  these  strike  far  and 
wide;  so  that,  instead  of  accepting  the  popular  view, 
tiiat  the  Brain  is  the  organ  of  Mind,  I  belie^re  it  would 
be  nearer  the  truth  to  look  upon  the  whole  Nervous 
System  as  the  organ  of  Mind — a  doctrine  which  has 
already  been  taught  by  Mr.  G.  H.  Lewes  and  others. 
The  Brain,  it  is  true,  is  its  principal  org?in,  whilst  Con- 
sciousness or  Feeling  ^  is  probably  only  attendant  upon 
the  activity  of  quite  a  limited  portion  of  this  2.     And, 

'  Not  using  these  words,  however,  in  the  sense  in  which  they  are 
employed  by  Mr.  Lewes,  as  has  been  explained  in  an  article  on  *  Sensa- 
tion  and  Ptretpihon*  in  Nature ,  vol.  i.  Nos.  8  and  ra. 

'  On  this  subject  we  have  said  elsewhere  (article  on  *  Conscious- 
««•/  •Journal  of  Mental  Sdence,*  January  1870,  p.  522): — *  Mind  is 
generaUy  supposed  to  be  constituted  by  our  conscious  states  or  nerve- 
actions  only ;  but  as  these  conscious  states  are  themselves  only  the  last 
terms  of  a  series  of  molecular  actions  taking  place  in  ganglionic  and 
other  nerve-tissue,  we  now  simply  maintain  that  the  components  and 
not  the  resultant  alone  ought  to  be  considered  as  elements  entering  into 
the  composition  of  mind.  And,  similarly,  we  would  make  the  sum 
total  of  the  seats  of  these  molecular  changes — the  whole  Nervous  Sys- 
tem—rather than  the  seats  of  the  resulting  conscious  states  alone,  con- 
stitute the  organ  of  Mind  as  now  understood.'  And  again,  in  Nature 
{yoi.  i.  No.  12,  p.  311): — 'Cognition  or  intellectual  action  may  take 
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as  Mr.  Herbert  Spencer  has  so  clearly  pointed  out*, 
in  the  evolution  of  Mind  we  each  one  of  us  expe- 
rience the  constant  transitions  whereby  a  state  or  act 
(the  recurrence  of  which  was  at  first  always  attended 
by  consciousness)  at  last,  when  thoroughly  familiar, 
may  take  place  quite  unconsciously,  or  without  in 
the  least  arousing  our  attention.  The  more  fully 
such  phenomena,  therefore,  are  recognized  as  parts 
of  an  orderly  succession,  by  which  alone  greater  and 
greater  complexities  of  thought  and  feeling  are  rendered 
possible,  the  more  will  it  become  evident  that  the 
sphere  of  Mind  cannot  at  any  time  be  circumscribed  by 
the  then  present  or  possible  states  of  Consciousness — 
the  more  it  is  obvious  that  in  our  conception  of  Mind 
we  should  also  include  all  past  stages  of  Consciousness, 
the  representatives  of  which,  now  in  the  form  of  un- 
conscious nerve-actions,  are  from  moment  to  moment 
manifesting  themselves  potentially,  if  not  actually,  in 
all  our  present  Thoughts,  Feelings,  and  Volitions. 

But  though  on  the  question  whether  Consciousness 
or  Feeling  is  to  be  regarded  as  a  possible  accompani- 

place  under  the  form  of  a  mere  organic  or  uneonsciouf  diurimmatiom 
without  the  intervention  of  consciousness.  Thus,  in  the  individual,  con- 
sciousness or  feeling  comes  to  be  superadded  as  an  additional  accom- 
paniment to  certain  mere  organic  discriminations ;  so  that  consciousness, 
without  which  sensation  cannot  exist,  is  secondary,  whilst  cognition,  in 
the  form  of  unconscious  discrimination,  is  primary.  Out  of  this  primary 
undifferentiated  organic  discrimination,  such  as  alone  pertains  to  the  lowest 
forms  of  animal  life,  there  has  been  gradually  evolved  that  which  we 
know  as  Feeling  and  Consciousness.* 

*  •  Principles  of  Psychology,*  1855,  pp.  563  and  616. 
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ment  only  of  certain  nerve-changes,  or  whether  it  is  to 
be  regarded  as  the  invariable  and  principal  result  of  the 
activity  of  the  elements  of  a  part  which  is  to  be  looked 
upon  as  the  organ  of  Consciousness,  there  is  still  room 
for  doubt;  there  is,  on  the  other  hand,  a  certainty  that 
the  various  modes  of  Consciousness  which  may  be 
called  into  activity  by  any  sets  of  nerve-changes  are 
not  to  be  considered  as  correctable  with  such  nerve- 
changes  as  a  whole.  '  We  have  good  reason  to  con- 
clude,' as  Mr.  Spencer  says,  *  that  at  the  particular  place 
in  a  superior  nerve-centre  where,  in  some  mysterious 
way,  an  objective  change  or  nervous  action  causes  a 
subjective  change  or  feeling,  there  exists  a  quantitative 
equivalence  between  the  two :  the  amount  of  sensation 
is  proportionate  to  the  amount  of  molecular  transfor- 
mation that  takes  place  in  the  vesicular  substance  af- 
fected. But  there  is  no  fixed  or  even  approximate 
quantitative  relation  between  this  amount  of  molecular 
transformation  in  the  sentient  centre  and  the  periphe- 
ral disturbance  originally  causing  it.'  So  that,  as  the 
same  writer  also  says  * : — '  Between  the  outer  force 
and  the  inner  feeling  it  excites,  there  is  no  such  corre- 
lation as  that  which  the  physicist  calls  equivalence — 
nay,  the  two  do  not  even  maintain  an  unvarying  pro- 
portion. £qual  amounts  of  the  same  force  arouse  dif- 
ferent amounts  of  the  same  feeling,  if  the  circumstances 
diflFer.     Only  while  all  the  conditions  remain  constant 
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is  there  something  like  a  constant  ratio  between  the 
physical  antecedent  and  the  psychical  consequent/ 

From  all  this  it  may  be  imagined  how  hopeless  the 
attempt  would  be  to  establish  anything  like  a  quanti- 
tative estimate  of  the  amount  of  force  answering  to 
these  different  results  of  the  activity  of  the  Nervous 
System.  In  considering  the  question  of  muscular  acti- 
vity and  its  correlation  with  physical  force,  we  have  to 
do  with  a  measurable  effect  under  the  form  of  mecha- 
nical energy.  But  the  manifestations  of  the  activity 
of  the  nervous  system  are  much  more  subtle  and  elud- 
ing. How  is  it  possible  for  us  to  estimate  the  value  of 
the  energy  expended  in  regulating  the  nutrition  of  the 
body?  How,  in  a  motor  act,  shall  we  separate  what 
is  due  to  the  nerve  and  what  to  the  muscle? — nay, 
where  Feeling  is  aroused,  where  Consciousness  appears, 
how  shall  we  estimate  the  equivalent  value  of  this, 
which  each  one  knows  in  himself  alone,  and  which 
seems  to  differ  so  absolutely  from  everything  else  in 
the  universe  ?  However  probable  it  may  be  that  what 
we  know  as  Sensation  and  Thought  are  as  truly  the  direct 
results  of  the  molecular  activity  ^  of  certain  nerve- 
centres,  as  mechanical  energy  is  the  direct  result  of  a 
muscle,  this  cannot  be  proved.  MM.  B&:lard  and 
Heidenhain  have  shown  us  how,  when  a  muscle  con- 
tracts, an  amount   of  heat  disappears  which  holds  a 

'  For  some  most  admirable  and  suggestive  remarks  as  to  the  probable 
unit  of  Consciomruss,  we  would  refer  the  reader  to  Mr.  Spencer's  *  Princi- 
ples of  Psychology,*  No.  21,  pp.  148-158. 
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definite  relation  to  the  amount  of  work  don  2;  and  so 
It  may  well  be  that  when  the  nerve-centre  is  in  ac- 
tion—when fams  and  pleasures  are  felt,  when  thoughts 
^  rife— this  is  possible  only  by  reason  of  a  disappear- 
^ce  or  metamorphosis  of  a  certain  amount  of  potential 
Clergy  which  had  previously  been  locked  up  in  some  of 
the  organic  constituents  of  the  body.   We  cannot,  how- 
ever,  prove  that  it  is  so,  because  we  have  not  yet  been 
able  to  show  that  there  is  evolved,  during  brain  action, 
^  amount  of  heat,  or  other  mode  of  physical  energy, 
less  than  there  would  have  been  had  not  the  Sensations 
ieen  felt  and  the  Thoughts  thought ;  and  because  we 
Iiavrno  means  of  ascertaining  what  amount  of  sensa- 
tion or  of  thought   corresponds  to  a  unit  of  heat — 
b^xause  it  is  even  impossible  for  us  to  gauge  the  strength 
of  a  sensation,  or  the  force  of  a  thought— we  are  cut 
off  from  all  means  of  comparison. 

Knowing,  however,  what  we  now  do  concerning  the 
evolution  of  heat  in  the  animal  body  and  concerning 
the  contractility  of  muscle;  knowing  that  respiration 
is,  in  the  main,  a  process  of  oxidation ;  that  digestion 
is  an  essentially  chemical  process ;  it  can  no  longer  be 
said — as  of  old  it  was  said — that  the  manifestations  of 
Life  in  organic  beings  take  place  independently  of 
jrfiysico-chemical  laws,  and  are  regulated  solely  by  oc- 
cult influences.  This  error  has  been  fast  disappearing 
since  Lavoisier  sought  to  demonstrate  the  real  nature 
of  the  phenomena  taking  place  in  living  things,  and 
since  he  first  taught  that  many  of  them  were  essentially 
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chemical  in  the  ordinary  acceptation  of  the  word.  What 
has  already  been  accomplished  may  well  lead  us  to  be- 
lieve that,  as  time  goes  on,  the  torch  of  Science  will 
enable  us  to  penetrate  still  further  and  to  throw  light 
upon  some  of  the  remaining  mysteries  of  vital  pheno- 
mena. 

All  that  we  know  already,  however,  concerning  the 
higher  animals  points  strongly  to  the  truth  of  the  con- 
clusion which  is  thus  expressed  by  Gavarret : — ^  The 
action  of  oxygen  upon  the  material  of  the  blood  is  th?n 
the  sole  source  ^  of  force  of  which  the  animal  can  avail 
itself.     In  order  to  accomplish  all  the  internal  and  ex- 
ternal work  necessary  for  the  nutrition  and  for  the 
development  of  the  individual,  for  the  propagation  of 
its  kind,  and  for  its  action  upon  the  surrounding  world, 
the  animal  makes  use  of  the  force  set  at  liberty  during 
the  conflict  of  oxygen  borrowed  from  the  air  with  the 
elements  of  its  food.     But  these  alimentary  substances 
in  again  taking  on,  under  the  influence  of  the  burn- 
ing action  of  oxygen,  their  primitive  mineral  forms, 
can  only  set  at  liberty,  and  place  at  the  disposal  of  the 
animal,  their  own  potential  energy — ^that  is  to  say,  that 
quantity  of  force   which  was  borrowed  by  the  plant 
from  the  solar  radiations  in  order  to  convert  mineral 
matter  into  organic  matter.' 

Matter  and  force  are  inseparable — neither  can  exist 
alone  j  and  just  as  the  substances  which  enter  into  the 

'  Either  immediate,  or  mediate. 
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composition  of  the  plant  or  of  the  animal — however 
high  or  however  low  it  may  be  in  the  scale  of  organi- 
zation — ^have  been  ultimately  derived  from  the  mincial 
world,  so  have  the  forces  at  work  therein  been  derived 
from  this  source  and  from  the  Sun — our  great  centre 
of  light  and  heat. 


VOL.  I. 


CHAPTER    II. 

THE   'vital  principle' — NATURE  OF  LITE. 

Artificial  production  of  Organic  compounds.  Genets  of  living  Forms. 
Influence  of  modem  researches  upon  conception  of  Life.  Theories 
concerning  Life.  Views  of  Atomists.  Pantheistic  conception  of 
Anaxagoras.  The  •  Archseus'  of  Paracelsus.  •  Vitalistic'  theories. 
Difficulties  of.  Based  on  misconceptions.  Illustrations.  Genesis 
of  living  Things.  Life  a  result  of  molecular  organization.  Defini- 
tions of  •Life.*  Why  unsatisfactory.  Correspondence  between 
Organisms  and  their  Environment.  Views  of  Coleridge.  •  Life*  an 
abstract  name  for  the  *  qualities'  of  certain  material  aggr^ates. 
Mere  arbitrary  nature  of  distinction  into  Living  and  not-living. 
Gradual  passage  of  the  not-living  into  the  Living. 

BUT  whilst  the  labours  of  one  set  of  enquirers  have, 
as  we  have  seen,  been  directed  towards  the  elu- 
cidation of  the  real  nature  of  tlie  phenomena  taking 
place  in  living  things,  with  the  result  of  showing  them 
to  be  much  less  obscure  than  had  been  previously  sup- 
posed, those  of  another  set  have  been  concentrated  upon 
attempts  to  build  up  artificially  in  the  chemical  labo- 
ratory some  of  those  organic  compounds  which  had 
hitherto  been  regarded  as  the  peculiar  products  of  the 
living  organism.  The  labours  of  Wohler,  Pelouze, 
Kolbe,  Wurtz,  Berthelot,  and  other  celebrated  chemists 
have  been  especially  successful  in  this  direction;    and 
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we  now  can  name  a  gCKxlIy  array  of  compounds,  pre- 
viously known  only  as  constituents  of  animal  or  vege- 
table organisms,  and  previously  supposed  to  be  incapable 
of  coming  into  existence  save  under  the  influence  of 
vital  forces  and  vital  structures,  which  are,  neverthe- 
less, continually  being  built  up  in  the  chemical  labo- 
ratory, out  of  more  elementary  substances,  by  processes 
of  synthesis  *. 

While  thus  much  has  been  done  to  throw  light  upon 
some  of  the  phenomena  exhibited  by  living  beings,  and 
to  diminish  the  mystery  hitherto  supposed  to  enshroud 
the  origin  of  organic  compounds,  other  efforts,  by  no 
means  unsuccessful,  have  been  made  to  account  for 
the  production  of  organic  forms,  and  to  reveal  how 
such  shapes  as  are  met  with  amongst  the  structural 
units  of  an  organ,  as  well  as  those  of  entire  organisms, 
are  the  resultants  of  physical  forces  acting  upon  plastic 
and  modifiable  tissues.    Mr.  Rainey^  has  sought  to  show 

*  Speaking  on  this  subject,  Gavarret  says  (*  Ph^nomenes  Physiques  de 
la  Vie/  1869,  p.  269),  •  De  nombreuses  et  importantes  synthJjses  ont  i\.i 
rialis'es.  Les  Carbures  dliydrogJjne  peuvent  ^tre  considdr^s  comme 
formant  la  transition  entre  T^tat  mindral  et  I'^tat  organique ;  beaucoup 
de  ces  compost  tinaires  ont  eti  reproduits  directement:  Tac^tylfene, 
r^thyl^ne  et  ses  homologues,  la  benzine  et  ses  homologues,  la  naph- 
taline,  Tanthracine,  etc  Les  chimistes  ont  aussi  op^r^  la  s)'nthese 
d'une  quantity  considerables  de  composes  oxygen^s  temaires  :  des 
2dcools,  des  aldehydes,  des  acides,  des  Others,  des  corps  gras,  le  ph<*nol 
et  plosieurs  de  ses  homologues,  etc.  Quelques  substances  azott^es  ont 
et^  aussi  reproduites  par  synthase :  le  cyanogfene  et  ses  derives,  I'uree, 
la  taurine,  le  glycocolle  et  ses  homologues/.etc. 

'  *  On  the  Mode  of  Formation  of  Shells,  of  Animals,  of  Bone,'  &c. 
1858. 
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duce  equal  eiFects^  for  to  say  otherwise  is,  by  impli- 
cation, to  say  that  some  force  can  present  more  or  less 
than  its  equivalent  effect,  which  is  to  deny  the  per- 
sistence of  force.     Hence  those  parts  of  an  organism 
which  are  by  its  habits  of  life  exposed  to  like  amounts 
and  Jilce  combinations  of  actions  and  reactions,  must 
develope  alike ;  while  unlikeness  of  development  must 
2&  unavoidably  follow  unlikeness  among  these  agencies. 
And,  this  being  so,  all  the  specialities  of  symmetry, 
and    unsymmctry,   and    asymmetry    which    we    have 
traced,  are  necessary  consequences.' 

It  is  impossible  to  ignore  the  general  direction  and 
bearing  which  the  results  of  all  the  researches  hitherto 
referred  to  must  have  upon  our  modern  conception  of 
'  Life/  We  have  seen  that  in  the  minds  of  all  scientific 
men,  the  doctrine  of  the  Persistence  of  Force,  or  of  the 
Conservation  of  Energy,  as  it  is  also  termed,  now  rests 
upon  just  as  sure  a  basis  as  the  really  equivalent  doc- 
trine of  the  persistence  or  Indestructibility  of  Matter^ 
And  if  matter  and  force  are  absolutely  inseparable,  if 
the  one  cannot  exist  without  the  other,  it  will  be  seen 
that,  even  independently  of  the  experimental  support 
which  the  doctrine  has  received,  the  reality  of  the 
Persistence  of  Force  must  have  followed  as  a  logical 

*  As  we  have  previously  intimated,  the  popular  doctrine  concerning 
the  Indestructibility  of  Matter  resolves  itself  philosophically  into  the 
really  fundamental  notion  of  the  Persistence  of  Force.  Force  and 
Matter  arc  two  aspects  of  a  something  one  and  indivisible ;  only  the  idea 
of  Matter  is  a  conception  mentally  superadded  to  the  various  Force- 
attributes  which  are  alone  correlatable  with  consciousness. 


n£s  ss  sss^yrx-js  :^s  ufE. 


al^^^55sr'  =r,*iir  ne  Fb^sisCMce  -tt  Auncr,  whicn  was 
.:c?tKC  :?«  i!i,Tie^    W*  ia-n*  ictcx  iio  hem  hnulj  the 
cvtrun?  r.K^  i^ji.:uiiili  Sxa  mxjac  Mssession  of  the 
r:::JX2>  .t  r^r  cea  >ci«ntc?TC  w.tTKrs  ot  a!l  kinds,  that 
:2c  :?v>vX.'cc  *^:til*  x'rc« — aixizr  rae  Tcry  name  of 
wti-cJt  tiicrrr  wjs  XTtncny  iuirft  i  nag  ct  mystery — 
jkT^^  x-t;:r   jl^  acrrrTg   iscnr  isja  inciimt  physical 
r*,ror^  wiicii  ij.if?r  Sxti  r~i2s^-T:nec  xai  conditioned 
:^»  th^rtr  *  ru:ssw?f  rir,\igrr  xi  ^rcxitisra^*  or,  as  wc  pre- 
:i?r  t."  exrr;r<5i  :^  jtc  ?ct«5:cj-.  i?ras  wiikh  have  un- 
^cri?,nie  crjji;£?r  jl3C  ojlvc  otjscc  5?  exist  as  such  in 
<Lviawc  iMrt:^  ^,*  tiCiS^  TT.iKTtx  cxnbtakttioft&j  which  con- 
stiruc?  t2c  v^rrv   irjrt^rr   :t  ihe  onci^rr^ci  itself.     As 
Dr.  FriiiiLxic  l^as  ^aivi^  ^  A:i  -lairskC  *:x'wever  high  its 
orcxn'-sjLriciu  cia  ao  sore  ^jfoen:?   thit  is^  actually 
crea:;:"  jia  xTx^unc  ,t  x^ror  cij^xbie  ot  saoring  a  grain 
r  sajic^  ti2»ta  i  scl^ic  cjltl  rxl  upwarxis^  or  a  Iocc>> 
inocive  lirive  a  trjLin  witixnic  meL*     Tbe  force  mani- 
rtjstati  viuncg  the  vx»ntractioa  of  irusdes  is  the  result 
of  the  setting  rhre  of  ja  e^iv:ileiit  ooiount  of  poten- 
tial enencv  by  the  tissue  viiscirbances  ami  chemical 
cbangesy  of  varu.His  jLiqcs^  wtxich  immeuiateiT  precede 
and   accocnpany  tiie   meter  act.      Aoc^  morcorer,  if 
It   cm   be    shown   that    the    pnxesses   taking   place 
in  living  beings  are  in  great  part  amenable  to  and 
grjvemeii   by  oniinary  physico-iAtemical  laws,  instead 
'.f   being   processes    altogether    occult    and    peculiar; 
if  it  can  be  shown  that  products  hitherto  believed  to 
be  producible  only  under  the  influence  of  vital  actions 
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taking  place  within  living  beings,  are  capable  of  being 

built  up  artificially  by  the  chemist  in  his  laboratory  ^ 

and  if  it  can  be  shown  that  the  shapes  and  forms 

assumed  by  such  organic  structures  are  the  natural 

resultants  of  incident  forces  acting  upon  the  plastic 

and  modifiable  tissues  of  which  they  are  composed — 

then  may  we  indeed  say  that  much  of  the  mystery 

^hich  formerly  obscured  vital   phenomena   is    being 

gradually  removed.     But  let  it  not  be  supposed  that 

^c  go  further  than  this,  that  we  suppose  all  mystery 

^  vanished.     No,  enough  still  remains  to  fill  our 

'^inds  with   the   deepest   awe   and    reverence.     The 

'^t  intimate    processes    and    phenomena    of   Life 

'^niain  utterly  inexplicable.     We   have  removed   the 

"^^ci  husks,  but  the   kernel  of  the   nut  as  yet  lies 

'^"den,  enveloped    in  an  impenetrable  shell.    What 

^  ^e  know  concerning  the  actual  phenomena  of  nutri- 

^on?  They  are  still  inscrutable  mysteries.     By  what 

^^cular  or  other   laws  does  an  organic  unit  assi- 

^^^  to  itself  matter  of  a  particular  kind  out  of  a 

'^piex  mixture,  convert  it  into  its  own  substance, 

_        endow  it  with  its  own  properties  of  doing  like- 

^^^  ?  Believing,  as  we  may,  that  sensation  and  thought 

^e  products  of  molecular  changes  taking  place  in 

^^"^''e  organs,  does  this  belief  assist  us   one  iota  in 

^^laining  the  deeper  facts  ?    Can  we  at  present  frame 

^    Ourselves  any  possible  or  conceivable  way  in  which 

^^^e  molecular  motion  can  result  in  the  manifestation 

of 

^  ^uch  phenomena  as  sensations,  thoughts,  and  all  the 
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various  modes  of  self-consciousness  ?  Whilst  such  pro- 
blems, and  many  others  just  as  difficult,  remain  Ibr  our 
solution,  it  could  never  be  supposed  that  we  believed 
the  problems  of  Life  to  be  solved.  We  have  cleared 
some  of  the  approaches,  but  there  is  still  an  impene^ 
trable  temple  of  mystery.  Fully  to  appreciate  the  ex- 
tent of  our  ignorance,  however,  is  the  best  and  surest 
preparation  for  widening  the  sphere  of  our  knowledge. 

Glancing  now,  for  a  moment,  at  the  conceptions  of 
Life  which  have  been  hitherto  entertained,  let  us  see 
how  far  they  are  in  accordance  with  modern  scientific 
notions  concerning  Force. 

Two  fundamentally  opposite  doctrines  have  been 
maintained  again  and  again  as  to  the  nature  of  Life, 
under  one  or  the  other  of  which  all  the  views  ever  pro- 
mulgated, on  this  subject,  may  be  ranged.  According 
to  the  one  school.  Life  is  to  be  regarded  as  the  prin- 
ciple or  cause  of  organization;  and  according  to  the 
other.  Life  is  the  product  or  effect  of  organization. 
Democritus  and  the  other  Atomists  accounted  for  the 
whole  phenomenal  universe  on  the  supposition  that 
the  different  kinds  of  matter  are  made  up  of  the  most 
variously  arranged  ultimate  particles  or  atoms.  These 
atoms  differing  from  one  another  in  size,  shape,  and 
weight,  were  nevertheless  thought  to  be  indivisible. 
They  were  supposed  by  Democritus  to  be  able  to  group 
and  arrange  themselves  and  so  to  form  the  various 
material  substances  which  exist  by  virtue  of  these 
inherent  tendencies.     Nothing  but  predestination  or 
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*  blind  necessity'  could,  therefore,  be  assigned  by  Dc- 

roocritus  as  the  active  cause  of  the  continual  mutations 

taking  place  in  the  material  world*    Such  a  spiritless 

conception  of  the  Universe  was,  however,  resisted  by 

Anaxagoras.     He  too,  like  his  predecessors,  believed 

tto  in  the   ordinary  course   of  things   nothing   was 

created  and  nothing  was  destroyed — there  was  only  a 

continual  flux  and  mutation.     But  the  necessity  of  a 

Qioving  force,   hitherto   almost    neglected,   was   fully 

realized  by  him.     'The  mythical  powers  of  love  and 

^^  the  blind   necessity  of  the   mechanical   theory, 

explained  nothing;  or  at  least,  whatever  they  explained, 

^^  certainly  explained  not  the  existence  of  design  in 

^c  process  of  nature.     It  was  consequently  seen  to 

"^  necessary   that   this   notion   of   design  should   be 

^"^ntifi^   with    that    of   the    moving    power.     This 

Anaxagoras   accomplished   by   his    idea    of  a    world- 

orming  intelligence  {yovi)  that  was  absolutely  sepa- 

^^^^  and  free  from  matter  and  that  acted  on  design ^' 

"JCHjgij  ti^g  function  of  the  vov^  was,  therefore,  essen- 

X  that  of  a  mere  mover  or  re-arranger  of  the  in- 

^^y  minute  particles  of  things  into  definite  shapes 

*^rms,  which  were  thus  abstracted  from  an  original 

.  ^ic  intermixture,  still  Anaxagoras  did  endow  it 

the  attribute   of  thinking — with   the  power  of 

^%  in  accordance  with  design.     'In  the  case  of 

^'^ized  beings  more  especially,  we  have  the  presence 

.   ^^^w^ler's  *  Handbook  of  the  History  of  Philosophy/  translated 


—  L> 


.) 


S  THE  lUiGIXXlXCS  OF  LIFE. 


of    the    matter-moving    rows,    which    as    animating  " 
soul,  is  immanent  in  ^1  living  beings  (plants,  ani- 
mals, men),  but  in  different  d^ees  of  amount  and 
power.     In  this  way  we  see  that  it  is  the  business 
of  the  vovs  to  dispose  all  things,  each  in  accordance 
with  its  own  nature,  into  a  universe  that  shall  com- 
prehend within  it  the  most  manifold  forms  of  exist- 
ence, and  to  enter  into,  and  identify  itself  with,  this 
universe  as  the  power  of  individual  vitality.*     Thus 
was  initiated   the  ancient   pantheistic   notion    of  a 
general  soul  or  Spirit  pervading  all  things — a  notion 
which,  with   more  or  less  of  modification,  not  un- 
frequently  appears  in  our  own  times,  and  which  was 
exquisitely  expressed  by  our  poet  Wordsworth  in  his 
^  Excursion,'  when  he  said : — 

*  To  every  form  of  being  is  assigned 
An  active  principle :  howe'er  removed 
From  sense  and  observation,  it  subsists 
In  all  things,  in  all  nature,  in  the  stars 
Of  azure  heaven,  the  unenduring  clouds ; 
In  flower  and  tree,  in  every  pebbly  stone 
That  paves  the  brooks/ 

Whilst  therefore  the  ancients  looked  upon  the  spirit 
or  the  ^  animating  principle '  of  any  living  thing  as  an 
integral  part  of  the  general  'Soul  of  Nature,' 

'  Divinae  particulam  aurae,* 

Paracelsus  and  his  followers,  on  the  contrary,  in  the 
sixteenth  century,  regarded  the  '  vital  principle'  as  an 
entity  or  self-existent  something,  altogether  indepen- 
dent and  peculiar.    This  distinct  vital  principle  was 
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presumed  to  preside  over  the  processes  of  nutrition  and 
was  Jcnown  by  the  name  Archaus.     The  doctrines  of 
Paracelsus  were  more  especially  developed  by  his  dis- 
ciple Van  Helmont,  who  sought  to  explain  all  the  phe- 
nomena of  Life  by  the  occurrence  of  chemical  changes 
m  the  organism  taking  place  under  the  guidance  of 
this  distinct  spiritual  entity  or  '  Archaeus,'  whose  place 
of  abode  was  the  cardiac  orifice  of  the  stomach.     The 
^Archxus*  of  Van  Helmont,  however,  was  only  one, 
though  the  chief,  of  many  '  vital  spirits,'  which  were 
allotted  severally  to  each  organ  of  the  body.     In  health 
there  was  supposed  to  be  a  harmonious  action  of  these 
various  *  vital  spirits,'  whilst  disease  was  a  result  of 
their  discord.     But  whether  the  'vital  principle'  was 
looked  upon  as  a  something  altogether  peculiar  and 
independent,  or  as  an  integral  part  of  the  general  'Soul 
of  Nature,'  in  either  case  the  organism  as  an  organism 
was  supposed  to  have  owed  its  nature  and  peculiarities 
to   the  influence  and   active  working  of   the   '  vital 
principle/ 

Then,  in  all  but  modern  times.  Life  was  by  the 
greater  number  of  physiologists  looked  upon  as  a  con- 
sequence rather  than  as  a  cause  of  organization ;  whilst 
'  vital '  actions,  or  the  phenomena  presented  by  living 
beings,  were  supposed  to  be  altogether  special  in  kind — 
to  be  the  peculiar  manifestations  of  the  inherent  acti- 
vity of  the  organized  body,  and  to  have  no  necessary 
relationship  with  the  physical  forces  of  the  inorganic 
world*   Later  still,  as  we  have  seen,  this  view  gradually 
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underwent  a  most  important  modification:  ^ vital' 
phenomena,  instead  of  being  looked  upon  as  altogether 
peculiar,  were  gradually  more  and  more  recognized  as 
the  results  of  physical  forces  which,  as  Dr.  Carpenter 
expressed  it,  had  been  transformed  or  conditioned  in 
various  ways  by  their  '  passage  through  the  organism.' 
And  now  amongst  nearly  all  advanced  physiologists  the 
same  kind  of  Correlation  is  implicitly  believed  to  exist 
between  the  Vital  and  the  Physical  Forces,  and  between 
the  several  vital  forces,  as  we  know  exists  between  the 
physical  forces  Inter  se.  Some  there  are,  however,  whc 
still  contend  that  there  is  such  a  thing  as  a  peculiar 
^  vital  force,'  a  something  which  finds  no  place  amongst 
this  circle  of  correlated  energies^.  It  is  argued,  that  in 
order  to  bring  about  this  metamorphosis  of  the  physical 
forces,  which  is  to  give  rise  to  the  various  manifesta- 
tions of  vegetable  and  animal  life,  there  must  be 
needed  some  force  inherent  in  the  organism  as  a  whole, 
and  in  every  part  of  its  structure.  That  this  force  or 
power,  altogether  independent  of  the  correlated  series, 
is  tke  vital  force— that  which  conditions  or  transforms 
the  physical  forces,  in  order  that  they  may  give  rise  tc 
the  most  varied  vital  phenomena.     But  if  the  vital  or 

*  Dr.  Lionel  Beale,  for  instance,  says  in  his  new  work  on  *  Protoplasm, 
— •  In  order  to  account  for  the  facts,  I  conceive  that  some  directing 
agency  of  a  kind  peculiar  to  the  living  world  exists  in  association  with 
every  particle  of  living  matter,  which,  in  some  hitherto  unexplained] 
manner,  affects  temporarily  its  elements,  and  determines  the  precise 
changes  which  are  to  take  place  when  the  liWng  matter  again  comes 

der  the  influence  of  certain  external  conditions/    (^2nd  ed.  p.  119) 
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directive  power  resident  in  each  particle  of  a  living 
being  be  other  than  a  transformed  physical  force,  it 
must  be  one  which — in  spite  of  the  well-known  formula 
^tx wihilomkilft^ — is  capable  of  indefinite  self-multi- 
plication.  Either  such  force  must  be  continually  spring- 
ing into  being  without  a  cause — originating  itself,  or 
growing  out  of  nothing — which  is  an  absurdity ;  or  else 
within  the  human  ovum,  or  within  that  of  any  other 
animal,  there  must  be  locked  up^  in  this  one  tiny  mLroscopic 
celi^  the  whole  of  the  peculiar  vital  power  which  is  after- 
wards to  diffuse  itself  throughout  the  body,  and  which, 
later  still,  is  to  serve  as  the  guiding  principle  of  the 
whole  man.     How  could  the  tiny  cell  retain  all  this 
priceless  energy  ?     What  hydraulic  press  would  be  ade- 
quate to  bring  about  such  concentration,  even  were 
it  destined  to  be  locked  up  within  walls  of  adamant, 
rather  than  of  tender  protoplasm  ?   Then,  too,  we  come 
^^  to  the  further  difficulty,  as  to  how  this  original 
ovum  acquired  its  marvellously  concentrated  quotum  of 
vital  force.     The  ovum  is  but  a  diflFerentiated  product, 
^  individual  cell,  arising  from  the  almost  infinite  sub- 
division and  growth  of  a  pre-existing  ovum,  and,  there- 
fore, it  can  only  have  received  an  infinitesimal  share  of 
the  original  vital  force  with  which  its  parent  germ  was 
wdowed.     This  parent  germ  was  similarly  related  to 
its  progenitor,  and  so  we  might  run  back  thiough  the 
races  and  through  the  ages,  did  not  the  very  idea  carry 
absurdity   in   its   face.     A   force   independent   of  the 
correlated  series  of  physical  forces,  and   yet   capable 
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of  perpetual  existence,  with  apparently  undiminishc 
powers  in  spite  of  an  almost  infinite  number  of  div 
sions  and  subdivisions,  surely  there  are  few  who  wi 
believe  that  such  a  force  can  exist.  The  doctrir 
is  absolutely  inconceivable,  it  cannot  be  realized  i 
thought.  Dr.  Bence  Jones  has  well  said  \  ^  We  kno 
now  that  in  all  living  things  no  separate  or  peculi« 
matter  is  present.  The  stuff  which  takes  part  i 
the  living  actions  and  the  forces  which  are  inhercj 
in  that  stuff  are  there,  and  indestructible  and  i^ 
separable.  Inorganic  matter  and  inorganic  force  a 
ways  exist  together  in  living  things;  so  that  if 
separable  living  force  be  also  present,  then  we  TV\ 
admit  that  two  totally  different  laws  of  force  m' 
be  in  action  at  the  same  time  in  the  same  matt 
The  unity  of  nature  will  at  least  be  preserved  by  < 
hesitation  to  admit  the  assumption  of  a  force  capai 
of  creation  and  annihilation,  until  some  very  conclusi 
evidence  be  obtained  that  there  actually  is  in  livi 
things  such  a  force  or  forces  capable  of  being  separat 
entirely  from  the  matter  of  which  they  are  made.'  A 
in  addition  to  this  kind  of  argument,  we  may  well  a 
whether  there  is  the  need  (such  as  the  advocates  1 
the  existence  of  a  peculiar  and  independent  '  vil 
principle'  suppose)  for  a  special  force  to  effect  t 
transformation  of  physical  forces  within  organiz 
structures  ?      The    phenomena    presented    by     livi 

*  Croonian  Lectures  *  On  Matter  and  Force  *  at  Ro>-al  College 
Physicians  (*  British  Medical  Journal/  May  \^^  1868,  p.  471). 
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beings  are  now  presumed  by  almost  all  physiologists 
to  be  dependent  upon  the  agency  of  transformed 
physical  forces?  And,  if  this  be  the  case,  we  may 
well  ask  (seeing  that  they  are  all  members  of  a  cor- 
related series)  why  a  special  force  should  be  needed 
to  effect  the  transformation  of  physical  forces  into 
those  modes  of  energy  which  are  active  in  the 
manifestations  of  living  beings,  whilst  no  peculiar 
force  is  deemed  necessary  to  eflPect  the  transforma- 
tion of  one  mcxie  of  physical  force  into  any  other 
mode  of  physical  force?  The  mere  advancement 
of  such  a  supposition  would  seem  to  show  that  the 
promulgators  of  it  had  not  seized  the  very  essence  of 
the  doctrine  of  the  Persistence  of  Force.  Matter  and 
force,  it  says,  are  inseparable;  the  latter  manifests 
itself  as  the  attributes  or  qualities  of  the  former,  and 
necessarily,  if,  under  the  influence  of  communicated 
Motion  or  Force,  the  particles  of  matter  assume  dif- 
forent  relationships  to  one  another,  this  matter  will  be 
^^l^cd  in  its  qualities,  and  will  display  the  same  to 
Sunder  the  guise  of  different  attributes  or  force-mani- 
'^tations^.    When  mechanical  energy  is  converted  into 

'  'Redistributions  of  matter/  Mr.  Spencer  says,  'imply  concomitant 
''^tributions  of  motion.  That  which  under  one  of  its  aspects  we  con- 
^plate  as  an  alteration  of  arrangement  among  the  parts  of  a  body  is, 
^der  a  correlative  aspect,  an  alteration  of  arrangement  among  certain 
^omenta  whereby  these  parts  are  impelled  to  their  new  positions.  .  .  . 
Inseparably  connected  as  they  are,  these  two  orders  of  phenomena  are 
liable  to  be  confounded  together.*  (*  Principles  of  Biology,'  vol.  i.  p.  43.) 
And  again,  he  points  out  that  the  *  transformation  of  ethereal  undulations 
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heat,  the  motion  in  mass,  or  mol^nr  motion,  of  oi 
expends  itself  as  the  body  is  arrested  in  pn 
an  equivalent  molecular  motion,  or  motion  of  t 
tides,  in  its  own  substance  and  in  those  of  t) 
by  which  it  has  been  arrested.  But  here  the 
simple  transference  of  the  motion  of  the  mass  i 
more  diffuse  motion  of  the  particles  of  the 
The  motion  ceases  to  exist  in  the  mass  as  m 
ordinarily  call  motion,  though  it  persists  for  a  1 
the  atoms  or  molecules  of  the  masses,  and  m; 
itself  in  the  form  of  heat.  And,  similarly,  wt 
expansive  motions  of  the  particles  of  bodies  are  < 
(and  mechanical  work  is  done),  the  heat  dimini 
quantity  in  proportion  as  a  motion  of  the  resistir 
is  produced.  When  heat  gives  rise  to  electricil 
thermo-electric  pile,  a  certain  quantity  of  the  ii 
heat  ceases  to  exist  as  heat.  By  acting  upon  the 
metals,  it  has  been  able  to  bring  about  certain 
cular  re-arrangements  of  the  particles  of  thes 
owing  to  this  new  arrangement,  the  attributes 
metals  or  their  force- manifestations  are  altered 
newly-arranged  particles  cease  to  manifest  heat, 
they  show  an  equivalent  amount  of  electrics 
pertics.  Now,  in  these  cases,  we  do  not  postul. 
existence  of  a  peculiar  force  in  the  molecules 
bodies  by  the  influence  of  which  the  incident  p 

into  certain  molecular  rearrangements  of  an  unstable  kind,  on 
throw  of  which  the  stored-up  forces  are  liberated  in  new  fo 
process  that  underlies  all  organic  phenomena/  i^Loc.  cit.  p.  29. 
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forces  are  modified^  so  as  to  give  rise  to  new  electrical 
inanifiestations.  Such  a  view  might  have  been  admis- 
sible if  forces  were  considered  as  independent  entities, 
capable  of  manifesting  themselves  in  different  ways, 
hut  with  an  inherent  obstinacy  of  their  own — an  inborn 
reluctance  to  change  their  mode  of  action — which  could 
only  be  overcome  by  the  superior  energy  of  some  inde- 
pendent, autocratic  demon  situated  in  each  particle  of  a 
body.  We  will  not  speak  of  the  waste  of  energy  which 
would  result,  on  such  a  supposition^  from  the  everlast- 
ing conflict  of  these  powers,  because  such  doctrines  are 
now  effete.  Forces  are  not  separable  entities.  They 
arc  merely  modes,  affections,  properties— call  it  what 
you  will — of  matter ;  and,  therefore,  necessarily  vary 
with  the  molecular  states  of  matter.  When  heat  gives 
™e  to  electricity,  a  certain  amount  of  heat  vanishes, 
^  an  equivalent  amount  of  electricity  appears,  be- 
^^use  the  heat,  under  certain  conditions  of  proximity 
of  other  metals,  has  arranged  the  metallic  molecules  in 
^  diflferent  way.  This  heat  or  force  expends  itself  in 
P'oducing  the  molecular  change,  and  the  result  of  the 
°^w  molecular  arrangement  is,  that  electrical  pro- 
perties are  manifested  instead  of  heat,  because  elec- 
^^Jty  is  the  property  of  this  particular  molecular 
^^ngement,  just  as  heat  was  the  property  of  the 
P^cles  when  in  their  immediately  antecedent  con- 
"^tion.  This  is  just  parallel  with  what  we  have  pre- 
viously alluded  to  as  characterising  the  transformation 
^  the  motion  of  masses  into  heat,  or  the  motion  of 

VOL.  I.  F 
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particles.  If  we  suppose  a  wooden  ball  to  be  allowed  t 
drop  from  a  moderate  height  from  the  raised  hand  of  ai 
experimenter  into  a  basin  of  water,  we  have  no  difficult 
in  imagining  what  the  result  would  be.  A  great  splash 
ing  of  the  water  would  occur,  and  a  visible  motion  of  th 
contents  of  the  basin  would  remain  for  a  considerabL 
time — though  gradually  diminishing  in  extent,  an 
therefore  in  the  ease  with  which  it  could  be  perccivcc 
Here  the  motion  of  one  mass  becomes  arrested,  ba 
communicates  itself  in  a  more  diffused  manner  to 
mass  of  water,  the  visible  motion  of  which  is  seen  t 
diminish  most  gradually.  But  if  the  ball  had  bee 
allowed  to  fall  from  a  height  of  three  hundred  feei 
instead  of  from  a  height  of  six  feet,  and  if  it  had  falle 
upon  a  solid  floor  instead  of  into  a  basin  of  water,  the 
(with  the  exception  of  the  motion  of  the  rebound)  a. 
the  force  existing  as  visible  motion  would  have  bee 
much  more  immediately  expended  in  the  production  < 
molecular  motion  in  the  ball  and  in  the  floor,  at 
this  would  have  given  rise  to  heat,  recognizable  ^ 
the  aid  of  a  thermoscope.  Now  the  motion  of  a  ma 
is  only  the  motion  of  an  aggregate  of  molecules — tl 
molecules  being  numerous  in  direct  proportion  to  tl 
size  of  the  mass.  So  that  in  this  case  also,  when  tl 
mechanical  energy  resulting  from  molar  motion  is  coi 
verted  into  heat,  the  energy  (or  motion)  which  the  ma 
displays  ceases  to  manifest  itself  to  us  as  motion  ; 
soon  as  it  has  become  expended  in  the  production  < 
vibrations  in  the  particles  of  the  bodies  which  mg 
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re?cal  themselves  in  the  form  of  heat.  The  pre-exist- 
ing force  is  itself  the  cause  of  the  change  of  constitution 
which  results  in  the  new  manifestations. 

And,  similarly,  we  have  the  most  perfect  right  to 
expect  that,  when  a  physical  force  gives  rise  to  any 
one  of  the  modes  of  vital  force,  what  takes  place  is 
not  so  much  a  direct  conversion  or  transmutation  of 
the  force  itself,   but   rather   that   the  physical   force 
expends  itself  in  bringing  about  new  collocations  of 
matter — either   in  converting   non-living   into   living 
niatter,  or  in  altering   the   molecular  constitution  of 
matter  which  is  already  alive.     The  properties  of  this 
matter  being  what  we  call  ^  vital'  properties,  it  may  be 
said  that  the  physical  force  has  been  transmuted  into 
vital  force.     Only  when  understood  in  this  sense,  are 
the  words  'conversion'  or  'transmutation*  suitable  for 
^  expression  of  what  really  occurs.     The  almost  ne- 
cessary use  of  these  terms  has,  we  think,  nevertheless 
tended  to  foster  an  erroneous  impression,  which  has 
^tociscd  its  misleading  influence  by  causing  certain 
Physiologists  to  suppose  that  a  special  'vital  force'  is 
'^^ed  to  effect  the  transmutation  of  incident  physical 
^ces  within  the  bodies  of  living  organisms.    In  reality, 
^^  special  force  is  in  the  least  needed  to  do  the  work 
^  conversion.     Any  pre-existing  physical  force,  acting 
^Pon  an  organism,  expends  itself  in  producing  those 
'Molecular  re- arrangements  which,  with  others,  contri- 
^te  to  enable  the  organism  to  carry  on  its  so-called 
"^ital'  processes.    If  the  doctrine  of  the  Correlation 
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of  the  Vital  and  of  the  Physical  forces  is  admittecr^ 
to  be  true,  it  can,  we  think,  be  believed  only  in  thij 
form,  and  the  vitalists  must  give  up  their  last  strong — 
hold — we  cannot  even  grant  them  a  right  to  assume 
the  existence  of  a  special '  vital  force '  whose  peculiar 
office  it  is  to  effi^ct  the  transformation  of  physical 
forces.    The  notion  that  such  a  force  does  exist,  is 
based  upon  no  evidence ;  it  is  a  mere  postulate.    The 
assumption  of  its  existence  carries  with  it  nothing 
but  confusion    and    contradiction,   because  the  very 
supposition  that  it  exists  and  that  it  does  so  act,  is 
totally  adverse  to  the  general  doctrine  of  the  Correla- 
tion of  the  Forces.    Need  we  say  more  ?  Does  it  not 
follow,  if  living  organisms  of  the  simplest  kind  arc  ever 
now  evolved  in  solutions  containing  organic  matter, 
that  such  rudimentary  forms  of  life  are  to  be  regarded 
as  resulting  from  the  collocations  of  organic  molecules 
in  peculiar  modes,  brought  about  by  the  expenditure  of 
incident   physical   forces — whilst   the  dynamic   mani- 
festations of  these  peculiar  aggregates  would  constitute 
those  phenomena  which  we  term  vital,  and  which  are 
designated  in  their  generality  by  the  word  'Life  ?' 

To  speak  then  of  Life  as  a  result  of  organization 
is  obviously  as  much  in  accordance  with  the  general 
doctrine  which  we  have  been  unfolding,  as  the  other 
view — that  Life  is  a  cause  of  organization — is  opposed  to 
it.  The  last  doctrine  is  an  appanage  of  obsolete  views ; 
it  accords  only  with  the  notion  that  Force  is  a  some- 
thing separate,  or  at  least  separable,  from  matter — a 
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kind  of  entity  or  self-existent  principle.     But  whilst 
we  say  that  Life  is  a  result  of  organization,  we  do 
not  necessarily  mean    of  an  organization   which    is 
capable  erf"  being  discovered  by  means  of  our  micro- 
scopes—rather,  of  a  molecular  organization,  in  the 
sense  of  a  peculiarly  complex  and  unstable  colloca- 
tion of  the  component  atoms  of  the  matter  displaying 
Life,  which  may  exist  to   perfection   after  its  own 
feshion,  even  in   what  appears  to   be   the   perfectly 
structureless  jelly-mass  constituting  one  of  the  Frot^ 
"^ht  of  Professor  Haeckel.     And  it  is  important  to 
keep  this  difference  in  view — to  remember  that  the 
only  organization  necessary  for  the  display  of  Life  is 
a  molecular  organization  which,  in  the  common  accep- 
tation of  the  term,  has  often  been  regarded  as  no  or- 
ganization at  all.     Mr.  Lewes  says,  'Although  the 
question  whether  Life  precedes  Organization  has  been 
often  asked,  it  is  a  question  mal  posee.    If  by  organiza- 
tion we  are  to  understand  not  simply  organic  substance, 
hut  a  more  or  less  complex  arrangement  of  that  sub- 
stance into  separate  organs,  the  question  is  tantamount 
to  asking  whether  the  simplest  animals  and  plants  have 
Uit}    And  to  ask  the  question  whether  Life  precedes 
organic  substance,  is  tantamount  to  asking  whether  the 
convex  surface  of  a  curve  precedes  the  concave,  or 
whether  the  motions  of  a  body  precede  the  body  ^*    If 
the  word  'organization'  is  comprehended  in  its  wider 

»  *  Fortnightly  Review/  July.  1868,  p.  73. 
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sense,  however,  we  may  in  answer  to  the  oft-put  ques- 
tion reply  that  Life  //  a  result  of  organization.  Pro- 
viding only  that  the  < molecular  organization'  is  of  the 
right  kind,  it  is  true  enough,  as  Mr.  Lewes  intimates^ 
that  the  two  are  inseparable.  The  word  *  Life*  is  only 
a  generalized  expression  signifying  the  sum-total  of  the 
properties  of  matter  possessing  such  an  organization* 
And  matter  is,  as  we  have  before  agreed,  inseparable 
from  its  properties. 

This  brings  us  at  last  to  the  question  of  the  defini- 
tion of  Life.  We  will  say  only  a  very  few  words  on 
this  subject  before  alluding  to  some  of  the  numerous 
attempts  that  have  been  made  in  this  direction,  and 
to  the  degree  of  success  with  which  they  have  been 
attended. 

The  word  'Life*  is  merely  an  abstract  name  for 
those  sets  of  attributes  or  force-manifestations  of  living 
beings  which  are  usually  spoken  of  as  'vital  pheno- 
mena/ The  word  itself,  however,  corresponds  only 
with  a  mere  mental  conception  :  we  have  observed  that 
a  number  of  things  (by  common  consent  looked  upon 
as  living  beings,  whether  animal  or  vegetable)  always 
present  a  certain  set  of  phenomena  or  qualities,  and  in 
order  to  express  our  conception  of  these  in  their  gene- 
rality we  employ  the  word  '  Life.*  Just  as,  to  take  a 
more  simple  case,  after  having  seen  a  certain  number 
of  things  all  of  which  present  a  black  colour,  we  make 
use  of  the  word  '  blackness*  as  our  name  or  symbol  for 
the  common  attribute  of  all  black  things.     Since,  how- 
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ever,  this  word  *  blackness'  represents  nothing  but  a 
niere  impression  made  upon  our  mind,  since  it  corre- 
sponds to  no  external  reality  which,  in  the  common 
acceptation  of  the  phrase,  exists  of  and  by  itself,  and 
is  moreover  the  name  of  a  simple  attribute,  it  admits 
of  no  useful  definition  ^,     The  word  '  Life,'  however,  is 
Qot  a  simple  abstract  name,  it  is  rather  a  general 
abstract  name,   connoting   certain   fundamental   pro- 
perties of  living  things.    Such  a  general  abstract  name 
may  therefore  be  defined  by  distinguishing  the  nature 
of  the  qualities  which  it  implies.     This  has  been  at- 
tempted by  many,  but  has,  we  think,  been  achieved 
'>y  none  so  successfully  as  by  Mr.  Herbert  Spencer. 
He  defines  ^  Life '  as  '  The  continuous  adjustment  of 
internal  relations  to  external  relations,'  and  this  phrase 

• 

^  perhaps,  the  most  generalized  statement  (being  at 
the  same  time  distinctive)  which  can  be  made  con- 
cerning the   phenomena  presented   by  living  things. 
As  such,  also,   it   doubtless  is  a  formula    of  much 
philosophical  interest,  though  as  a  mere  definition  of 
I-ifc,  that  is  as  an  explanatory  phrase  which  is  likely 
to  make  an  ordinary  reader's  notions  on  the  subject 
^y  the  clearer,  we  question  whether  it  will  be  of 
much  service.    This,  however,  is  owing  to  the  in- 
herent difficulty  of  giving  any  intelligible  account  in  a 

*  It  certainly  would  answer  no  useful  purpose — would  explain  no- 
thing—if we  defined  *  blackness '  to  be  the  property  or  power  of  ex- 
citing the  sensation  of  black ;  and  yet  this  b  about  the  only  possible 
definition  of  the  word. 
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definition  of  the  meaning  of  such  a  general  absti 
term.  The  time  is,  moreover,  well-nigh  passed  w! 
much  importance  can  be  attached  to  attempts  to  dd 
^  Life/  Such  an  end  might  have  had  more  attracti 
for  those  who  looked  upon  Life  as  the  manifestatioi 
an  independent  *  principle'  or  entity,  but  it  is  certai 
far  less  important  for  those  who  look  upon  the  w 
'  Life'  as  a  mere  name  connoting  a  set  of  attribv 
which  belong  to  all  living  things.  Believing  this  to 
true,  believing  that  anything  which  can  be  ca! 
Life,  or  the  *  principle'  of  Life,  has  no  more  a  sepai 
and   independent   existence   in   the   world    than  1 

*  blackness'  has  any  real  existence  apart  from  a  tl 
possessing  this  quality,  it  would  seem  that  the  re: 
would  be  likely  to  derive  clearer  notions  of  the  na 
of  Life,  if  in  place  of  the  definition  of  this  absl 
name,  we  were  to  substitute  the  definition  of  a  Li 
Thing^.  This  should  be  done  in  such  general  t 
that — although  the  definition  may  be  in  itself  distin< 
and  only  applicable  to  the  objects  in  question — all  tl 
manifesting  this  set  of  properties  connoted  by  the 

*  Life'  may,  nevertheless,  be  included  under  it. 

a  definition  of  a  Living  Thing  might  stand  as  MXo^ 

^  Every  abstract  name  must,  in  fact,  include  in  its  significati< 
existence  of  some  object  to  which  the  quality,  of  which  it  is  the 
belongs.  And  inasmuch  as  no  Life  can  exist  without  an  organi 
which  it  is  the  phenomenal  manifestation,  so  it  seems  compan 
useless  to  attempt  to  define  this  phenomenal  manifestation  alone 
what  is  worse,  such  attempts  may  tend  to  keep  up  the  idea  that  '. 
an  independent  entity. 
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It  is  an  unstable  collocation  of  Matter,  capable  of 
growing  by  selection  and  interstitial  appropriation  of 
new  matter  which  then  assumes  similar  qualities,  of  con- 
tinually varying  in  composition  in  response  to  variations 
in  its  Medium,  and  which  is  capable  of  self-multiplication 
1^7  the  separation  of  portions  of  its  own  substance  ^. 

It  is  (Mie  of  the  properties  of  living  bodies,  one  of 
tiic  consequences  of  the  peculiar  collocation  of  their 
nwlecules,  that  they  are  only  slightly  amenable  to  the 
infiuencc  of  some  of  the  physical  forces  which  tend  to 
^integrate  and  destroy  many  forms  of  not-living 
^tter.  It  was  under  the  influence  of  this  considera- 
tion principally,  that  Bichat  was  led  to  define  life  as 

M.  Nicolet,  in  his  *  M^moire  sur  les  Amibes  k  Corps  Nu,'  speaking 

^  these  aeatures,  which  have  been  subsequently  named  Protamaba 

y  Professor  Haeckel,  and  which  are  about  the  simplest  of  known 

"^**^  things,  says: — 'La  substance  qui  en  forme  le  corps  peut  Itre 

^^^'^sid^  comme  I'expression  d'un  premier  degr^  d'animalit^  de  la 

°^ti^  organique.    Id  point  d'appareils  sp^ciaux  affect^s  aux  fonctions 

^  l^vie;  point  d'organe,  m£me  rudimentaire,  indiquant  une  similitude 

P^Ut  anhnale  que  v^^tale ;  point  de  muscles,  point  de  fibres,  point  de 

*"*le8,  rien  de  ce  qui  manifestent  la  vie  dans  ces  deux  rfegnes :  et  ce- 

^daiit  elle  vit,  elle  remplit  des  fonctions  qui  n^cessitent  des  organes  par- 

^^'^^tti  dans  tous  les  autres  dtres ;  elle  se  meut,  elle  se  nourrit,  elle  se 

^"^^duit,  elle  dig^re,  mais  la  locomotion  s'op^re  par  la  protension  et  la 

^^'^^OD  alternative  on  simultan^  des  dififi6rentes  parties  de  sa  masse. 

'  *  *  L'Amibe  n'a  done  aucune  organisation  appreciable;   et  lorsque, 

^^^^'JilUc  des  mati^res  ^trang^res  qu'elle  renferme  presque  toujours  dans 
^opre  substance,  elle  glisse  sur  la  surface  d*un  lame  de  verre  im- 

^^^^,  elle  se  presente  toujours  comme  une  gelee  vivantt^  finement 

^^^^,  d^pourvue  de  teguments,  et  d'un  diaphaneity   souvent  telle, 

1^^  ^  presence  ne  se  manifeste  que  par  im  simple  difference  de  r^- 

^*^km.* — 'Arcana  NatnrsB,'  J.  Thompson,  1859,  p.  33. 
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^L'ensemble  des  fbnctions  qui  resistent  k  la  mort.' 
Here  the  notion  of  a  certain  antagonism  between  the 
organism  and  its  Medium  is  principally  apparent; 
whilst,  on  the  other  hand,  in  the  definition  of  Mr. 
Herbert  Spencer,  already  alluded  to,  we  have  one  of 
the  most  general  and  inclusive  statements  possible 
concerning  the  phenomena  of  living  things:  Life  is 
rather  represented  as  the  harmonious  reaction  in 
living  matter  to  the  influence  exerted  by  surrounding 
matter  and  force.  Stated  more  fully,  his  conception 
of  life  becomes — ^  The  definite  combination  of  hetero- 
geneous changes,  both  simultaneous  and  successive, 
In  correspondence  *with  external  coexistences  and  sequences.^ 
And  how  extremely  important  this  notion  of  reci- 
procal action  is,  has  been  most  happily  dwelt  upon 
by  Mr.  Spencer^  in  the  following  sentences.  *We 
habitually  distinguish  between  a  live  object  and  a 
dead  one  by  observing  whether  a  change  which  we 
make  in  surrounding  conditions,  or  one  which  nature 
makes  in  them,  is  or  is  not  followed  by  some  per- 
ceptible change  in  the  object.  By  discovering  that 
certain  things  shrink  when  touched,  or  fly  away  when 
approached,  or  start  when  a  noise  is  made,  the  child 
first  roughly  discriminates  between  the  living  and  the 
not-living ;  and  the  man,  when  in  doubt  whether  an 
animal  he  is  looking  at  is  dead  or  not,  stirs  it  with 
his  stick ;  or  if  it  be  at  a  distance,  shouts  or  throws 
a  stone  at  it.     Vegetal  and  animal  life  are  alike  pri- 

*  *  Principles  of  Biology,'  vol.  i.  p.  7  a. 
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manly  recognized  by  this  process.    The  tree  that  puts 
out  leaves  when  the  spring  brings  change  of  tempera- 
ture, the  flower  which  opens  and  closes  with  the  rising 
and  setting  of  the  sun,   the  plant  that  droops  when 
the  soil  is  dry  and  re-erects  itself  when  watered,  are 
considered  alive  because  of  these  induced  changes;  in 
common  with  the  zoophyte  which  contracts  on  the 
passing  of  a  cloud  over  the  sun,  the  worm  that  comes 
to  the  surface  when  the  ground  is  continuously  shaken, 
and  the  hedgehog  which  rolls  itself  up  when  attacked/ 
And,  not  only  do  we  expect  some  response  when  a 
living  organism  is  acted  upon  by  a  stimulus,  but  there 
IS  a  sort  of  fitness  in  the  response,  different  from  the 
reaction  of  mere  dead  matter  under  certain  changes 
^  condition.      In  the  latter  *  the  changes  have  no 
apparent  relation  to  future  external  events  which  are 
^re  or  likely  to  take  place,*  whilst  in  the  former  the 
vital  changes  manifestly  have  such  relations.    Then 
^00,  as  Mr.  Spencer  says,  familiarity  with  the  fact  must 
^t  allow  us  to  overlook  the  significance  of  the  con- 
sideration, *that  there  is  invariably,  and  necessarily, 
a  conformity   between   the    vital    functions  of  any 
oiganism,  and   the   conditions  in  which  it  is  placed 
—between  the  processes  going  on   inside  of  it,  and 
the   processes   going   on   outside    of  it.     We    know 
that  a  fish  cannot  live  in   air,  or  a  man   in  water. 
An   oak  growing   in   the   ocean,  and  a  sea-weed   on 
the   top    of  a   hill,  are    incredible    combinations    of 
ideas.    We  find  that  every  animal  is  limited  to  a 
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certain  range  of  climate;  every  plant  to  certain  zon 

of  latitude  and  elevation.    Of  the  marine  flora  a 

fauna,  each  species  is  found  exclusively  between  su 

and   such  depths.    Some  blind  creatures  flourish  oi 

in  dark  caves ;  the  limpet  only  where  it  is  alternate 

covered  and  uncovered  by  the  tide ;  the  red-snow  a) 

rarely  elsewhere  than  in  the  arctic  regions  or  amo 

alpine  peaks.*     But  having  once  recognized  the  i 

portance  of  this  action  and  reaction  continually  taki 

place  between  the  organism  and  its  environment, 

become  the  more  alive  to  the  shortcomings  of  tb 

definitions   which   do    not    include   this   ftindamer 

notion.     Though  unsatisfactory  for  other  reasons  a! 

the  definition  *  of  De  Blainville  will   be   seen   to 

eminently  defective  in  this  respect.     He  says,  '  Lift 

the    twofold  internal  movement   of  composition  ; 

decomposition,  at  once  general  and  continuous.'   Aln 

the  same  objection  may  also  be  alleged  against  the 

finition  of  Richerand,  that '  Life  is  a  collection  of  p 

nomena  which  succeed  each  other  during  a  limited  t: 

in  an  organized  body,*  even  if  it  had  not  been  use 

as  a  definition  of  Life,  because  the  same  words  w( 

be   applicable   to  the   process  of  decay  taking   p 

after  death  in  a  previously  living  body. 

Life,  says  Schelling^,  is  the  ^frlnciple  of  individual 
or  the  power  which  unites  a  given  all  into  a  'wk 

'  As  given  in  an  unacknowledged  translation  by  Coleridge  en 
*  Hints  towards  the  Formation  of  a  more  Comprehensive  Theo 
Life,'  1848,  p.  4). 
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But  Schelling,  in  reality,  in  spite  of  the  actual  wording 
of  his  definition  ^,  looked  upon  the  words  *  life '  and 
Equality' as  conveying  to  the  mind  almost  identically 
the  same  ideas.  All  things,  therefore,  possessing 
qualities — that  is  everything  in  the  universe — has  a 
Life  of  its  own  *,  varying  though  it  may  in  rank  and 
supremacy,  in  the  case  of  things  ordinarily  spoken  of  as 
non-living  or  living  respectively '.  And  this  brings  us 
to  what  we  consider  to  be  the  true  conception  of  Life 
—to  the  meaning  which  ought  to  be  attached  to  the 
^ri  All  bodies  in  Nature  have  properties  or  quali- 
ties—they are  in  fact  known  to  us  only  as  aggregates 
of  such  and  such  properties.  Bodies  are,  however, 
divided  into  two  great  classes — the  living  and  the 
not-living — according  as  they  do  or  do  not  possess 
certain  qualities  or  properties.  These  diflFerentiating 
qualities  are  those  which  are  generalized  and  included 

However  unsatisfactory  Schelling's  formula  may  be  as  a  definition 
of  Life,  we  cannot  fail  to  recognize  that  it  is  an  expression  of  one  of  the 
^^^  notable  itndeneies  of  life  in  all  its  higher  manifestations. 

'Biirdach  ('Traits  de  Physiologie/  Trad,  par  Jourdan,  1837.  t.  iv. 
P''49)  says,  '  Efiectivement  nous  rencontrons  des  traces  de  vie  dans 
toute  existence  quelconque.' 

"Hius  are  we  again  brought  face  to  face  with  the  old  philosophic 
conception  that  there  exists  a  •  soul  *  in  all  things,  or,  as  Wordsworth 
^  us,  an  all-pervading  Power : — 

'Whose  dwelling  is  the  light  of  setting  suns, 
And  the  round  ocean  and  the  living  air, 
And  the  blue  sky,  and  in  the  mind  of  man : 
A  motion  and  a  spirit  that  impels 
All  thinking  things,  all  objects  of  all  thought. 
And  rolls  through  all  things.' 
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under  the  abstract  name  'Life.'  We  must  not 
blinded,  however,  by  the  use  of  such  a  word  j  we  m 
not  fall  into  the  old  error  of  supposing  that  because 
a  process  of  generalization  we  have  conceived  a  m: 
abstract  notion  which  we  name  '  Life/  that,  therefb 
there  is  anything  existing,  of  and  by  itself,  answeri 
to  this  term.  No,  each  material  body  has  properties 
its  own — properties  which  are  due  to  its  molecular  cc 
stitution — and  which  make  it  what  we  know  it  to  I 
These  properties  are,  however,  often  classed  tc^etl 
in  a  definite  way ;  certain  of  the  objects  around  us, : 
instance,  have  a  power  of  growing,  of  developing,  a 
of  reproducing  their  kind.  Bodies  possessing  such  p 
perties  have  been  arbitrarily  named  *  Living*  bodi 
and  the  word  *  Life  *  has  been  used  as  a  mental  syml 
connoting  the  sum  total  of  the  properties  which  d 
tinguish  such  an  aggregate  from  the  member  of  1 
other  great  class  whose  representatives  do  not  pres< 
such  properties.  These  properties  may  be  looked  uj 
as  of  a  higher  and  more  subtle  nature,  but  it  should 
distinctly  understood  that  they  are  as  much  depend< 
upon  the  mere  qualities  and  nature  of  the  matei 
aggregate  which  displays  them,  as  the  properties  o; 
metal  or  the  properties  of  a  crystal  are  the  results 
the  nature  and  mode  of  collocation  of  the  atoms 
which  these  bodies  are  composed.  Hence  in  using  1 
phrase  *  Genesis  of  Life,'  it  must  not  be  supposed  tl 
we  should,  in  so  doing,  refer  to  the  actual  originati 
of  any  « principle '  or  '  force '  that  did  not  pre-exi; 
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rather,  we  should  wish  to  convey  the  idea,  that  a  par- 
ticular aggregation  of  matter  had  been  brought  about, 
of  such  a' kind  as  to  enable  it  to  manifest  the  properties 
of  a  Living  Thing,  properties  which  arc  expressed  in 
tkeir  generality  by  the  word  *  Life.*  Philosophically 
speaking,  therefore,  there  can  be  no  abrupt  line  of 
■demarcation  between  the  living  and  the  not-living. 
Living  things  are  peculiar  aggregates  of  ordinary 
flatter  and  of  ordinary  force  which  in  their  separate 
states  do  not  possess  the  aggregate  of  qualities  known 
*s*Lifc/  The  transition  must  be  most  gradual,  there- 
ft»f,  between  some  of  the  ordinary  not-living  states 
of  these  and  the  formation  of  those  particular  colloca- 
^  which  constitute  them  living  things.  ^Construed 
in  terms  of  evolution,'  as  Mr.  Spencer  says^,  '  every 
ynd  of  being  is  conceived  as  a  product  of  modifica- 
tions wrought  by  insensible  gradations  on  a  pre- 
existing kind  of  being:*  to  which  we  will  only  add, 
^t  the  physical  forces  expending  themselves  in  bring- 
ing about  any  particular  collocation  manifest  thcm- 
^Ivcs  anew  in  the  properties  which  this  displays, 
^^••w  mtftsmtur:  nihil  interit.  As  Dumas  ^  has  said, 
^1^  is  an  *  eternal  round  in  which  death  is  quickened 
^  Life  appears,  but  in  which  matter  merely  changes 
^ts  place  and  form.* 

Appendix  to  •  Principles  of  Biology.' 

'Chemical  and   Physiological  Balance  of  Organic  Nature,'  1844 
(T'^aslaUon),  p  48. 
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was  more  reason  than  there  is  at  present  for  the  belief 
that  the  forces  in  living  things  are  altogether  peculiar, 
because  it  appeared  that  certain  compounds  of  carbon 
with  other  elements,  known  as  organic  substances,  were 
capable  of  being  produced  only  within  these  laboratories 
of  nature.     A  department  of  Inorganic  chemistry  has 
hitherto  existed,  separated  quite  definitely  from  another 
known  as  that  of  Organic  chemistry.    In  the  former 
vcrc  included  all  those  elements  and  their  compounds 
which  were  naturally  met  with  amongst,  and  which 
njade  up   the    not-living  constituents  of  our  globe, 
whilst  under  the  latter  department  were  ranged  those 
compounds    and    their  derivatives   which    were    sup- 
posed to  exist    only   in    plants    and   animals.     The 
so<alled  organic   compounds    were  for   a   long  time 
regarded  as  altogether  peculiar;   not  as  regards  com- 
position— ^for  they   were  known  to   be   composed  of 
precisely  the  same  elements  as  were  most  abundant 
^Q  the   inorganic    world — but    rather    in    point    of 
<^n.    They  were  the  products  only  of  living  things: 
^  been  produced  under  the  influence  of '  vital'  forces. 
The  action  of  physical  forces  in  the  world  without  was 
deemed  inadequate  to  give  rise  to  such  combinations, 
^od  therefore  they  were  separated  by  a  hard  and  fast 
^nc  from  all  other  compounds  with  which  the  chemist 
'^nipulated.      Thus  the  popular  belief  of  the  time 
concerning  Life  was  fostered;  and  an  argument  for 
^e  special  and  peculiar  nature  of  the  ^  vital  forces,' 
could,  at  least,  be   based  on   the   supposed  fact  that 

VOL,  1.  G 


82  THE  BKGIXXIXGS  OF  LIFE, 

living   things  did    produce  substances — were   in  fe-^ 
almost  entirely  built  up  of  material  combinations 
which  could  not  be   evolved   by  the  agency  of  mc- 
physical  forces,  either    in   the    grand    laboratory 
nature,  or  under  the  hands  of  the  chemist.     But  nc 
all  this  has  changed.    Chemists  have  ahready  succeeded 
in  building  up  some  hundreds  of  such  compounds,  an( 
as  each  month  passes  by,  the  list  is  swelled  by  fr( 
conquests.     The  speciality  then  of  these  compound^^ 
has  passed  away  ^  the  difference  between  Organic  anc^ 
Inorganic  chemistry  is  fast  vanishing — has,  in  fact^ 
well-nigh  vanished.     At  all  events,  these  names  can  no^ 
longer  be  retained  as  definite  marks;  they  have  lost 
their  significance,  and  if  it  be  desirable  still  to  partition 
off"  the  great  department  of  chemical  compounds  formerly 
represented  by  the  word  *  organic,*  it  must  be  done  by 
fixing  upon  some  really  common  and   distinguishing 
characteristic  of  the  members  of  the  group,  and  em- 
bodying this  in  some  new  class  name  or  phrase  under 
which   they   can   be  ranged.     Numerous   suggestions 
have  been  made,  but  none  of  them  seems  so  good  as 
that  of  Kekul^.    All  the  compounds  named  '  oiganic' 
invariably  contained  carbon  as  a  constituent,  and  with 
the  exception  of  at  most  three  or  four,  all  the  com- 
pounds of  carbon  were  formerly  placed  under  this  cate- 
gory, so  that  when  Kekuld  not  long  since  brought  out  a 
work  ^,  '  On  the  Chemistry  of  Carbon  Compounds,*  its 

'  *  Lehrbuch  der  Organischen  Chemie,  oder  der  Chemie  den  Kohlen- 
stofihrerbindungen/  1861,  in  ^rhich  this  subject  is  discussed  at  pp.  8-1 1. 
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scope  was  found  to  be  as  nearly  as  possible  what  it 
would  have  been  had  it  appeared  solely  under  the  old 
name  of  ^  Organic  Chemistry/ 

Thus  the  Matter  of  living  things,  the  combinations 
whidi  they  are  capable  of  producing,  have  no  distin- 
guishing peculiarity — ^they  can  be  built  up  by  the  che- 
mist in  his  laboratory — the  mysterious  agency  of  Life  is 
now  no  longer  all  essential.  This  knowledge  is  a 
S^cat  gain  to  science,  and  it  harmonizes  well  with 
our  conclusion  in  the  last  chapter,  that  there  is  no 
evidence  whatever  for  a  belief  in  the  existence  of 
^  peculiar  *  vital  force ' — a  something  independent  of 
niatter,  and  not  convertible  with  the  ordinary  physical 
forces. 

It  will  now  be  necessary  for  us   to  furnish   some 

^planations  as  to  the    nature   and    composition   of 

o/ganizable  matter  in  general — of  those  substances  in 

6ct  which  enter  into  the  composition  of  living  things 

—and  in  so  doing  we  shall  avail  ourselves  freely  of  the 

writings  of  those  who  are  best  entitled  to  speak  on  the 

subject. 

Organizable  matter  always  contains,  as  principal  and 
fundamental  ingredients,  carbon,  oxygen,  hydrogen, 
and  nitrogen,  and  to  these  are  often  added  traces  of 
sul{^ur  and  phosphorus.  The  first  four  elements  are, 
however,  all-essential,  and  it  is  especially  worthy  of 
remark  that  no  less  than  three  of  them  are  gaseous. 
Mr.  Herbert  Spencer  says^: — 'When  we  remember 

*  •  Principles  of  Biology,*  vol.  i.  chap,  i.,  *  Organic  Matter.*    This  and 
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how  these  re-distributions  of  Matter  and  Motion  whic:::^ 
constitute  Evolution,  structural  and  functional,  imp-^) 
motions  in  the  units  that  are  redistributed ;  we  sha-  ^ 
see  a  probable  meaning  in  the  fact  that  organic  bodi< 
which  exhibit  the  phenomena  of  Evolution  in  so 
a  degree,  are  mainly  composed  of  ultimate  units  havii 
extreme  mobility.'  When  such  mobile  units  cnt 
into  various  combinations,  this  initial  property  thougl^ 
masked  is  still  potentially  present,  and  must  have  i1 
influence  upon  the  molecular  mobility  of  the  com- 
pounds into  which  they  enter.  Hence  Mr.  Spencer 
adds, '  We  may  infer  some  relation  between  the  g^eous 
form  of  three  out  of  the  four  chief  organic  elements, 
and  that  comparative  readiness  to  undergo  those  changes 
in  the  arrangement  of  parts  which  we  call  development, 
and  those  transformations  of  motion  which  we   call 

function One  more   fact  that   is   here  of  great 

interest  for  us  must  be  set  down.  These  four  elements 
of  which  organisms  are  almost  wholly  composed,  pre- 
sent us  v/ith  certain  extreme  antitheses.  While  be^ 
tween  two  of  them  we  have  an  unsurpassed  contrast 
in  chemical  activity;  between  one  of  them  and  the 
other  three  we  have  an  unsurpassed  contrast  in  mole- 
cular mobility.  While  carbon  by  successfully  resisting 
fusion  and  volatilization  at  the  highest  temperatures 
that  can  be  produced,  shows  us  a  degree  of  atomic 
cohesion  greater  than  that  of  any  other  known  element, 

the  succeeding  chapters  of  Mr.  Silencer's  work  should  be  read  by  all 
who  wish  fully  to  understand  this  part  of  the  subject. 
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hydrogen,  oxygen,  and  nitrogen  show  the  least  atomic 
«Aesion  of  all  elements.     And  while  oxygen  displays, 
^c  in  the  range   and  intensity  of  its  affinities,  a 
^mical  energy  exceeding  that  of  any  other  substance 
Ness  fluorine  be  considered  an  exception),  nitrogen 
rfisplajrs  the  greatest  chemical  inactivity^.     Now  on 
filing  to  mind  one  of  the  general  truths  arrived  at 
^hen  analyzing  the  process  of  Evolution  in  general, 
^^  probable  significance  of  this  double  difference  will 
^  seen.    It  was  shown  ("  First  Principles,"  §  123)  that, 
°^hef  things  equal,  unlike  units  are  more  easily  se- 
parated by  incident  forces  than  like  units  are — that 
^n  incident  force  falling  on  units  that  are  but   little 

*  HcDoe  its  compounds  are  generally  most  unstable.    '  Here  it  will 
^  well  to  note,  as  having  a  bearing  on  what  is  to  follow,  how  charac- 
teristic of  most  nitrogenous  compounds  b  this  special  instability.    In 
all  the  fiuniliar  cases  of  sudden  and  violent  decomposition,  the  change  is 
<Ine  to  the  presence  of  nitrogen.    The  explosion  of  gunpowder  results 
from  the  readiness  with  which  nitrogen  contained  in  the  nitrate  of 
potash  yields  up  the  oxygen  combined  with  it .    The  explosion  of  gun- 
cotton,  which  abo  contains  nitric  acid,  is  a  substantially  parallel  pheno- 
menon.   The  various  fulminating  salts  are  all  formed  by  the  union  with 
metals  of  a  certain  nitrogenous  add  called  fulminic  acid ;  which  is  so 
onstable  that  it  cannot  be  obtained  in  a  separate  state.    Explosiveness 
is  a  property  of  nitro-mannite,  and  also  of  nitro-glycerine.    Iodide  of 
nitrogen  detonates  on  the  slightest  touch,  and  often  without  any  assign- 
able cause.     Percussion  produces  detonation  in  sulphide  of  nitrogen. 
And  the  body  which  explodes  with  the  most  tremendous  violence  of  any 
that  is  known,  is  the  chloride  of  nitrogen.    Thus  these  easy  and  rapid 
decompositions,  due  to  the  chemical  indifference  of  nitrogen,  are  charac- 
teristic   When  we  come  hereafter  to  observe  the  part  which  nitrogen 
plays  in  organic  actions,  we  shall  see  the  significance  of  this  extreme 
readiness  shown  by  its  compounds  to  undergo  change.' — Spencer,  loc. 
cit.  p.  8. 
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dissimilar  does  not  readily  segregate  them,  but  th 
readily  segregates  them  if  they  are  widely  dissim 
Thus,  these  two  extreme  contrasts,  the  one  beti^ 
physical  mobilities,  and  the  other  between  chen 
activities,  fulfil  in  the  highest  degree  a  certain  fiii 
condition  to  facility  of  diflFerentiation  and  intc 
tion.* 

Thus,  then,  the  very  fact  that  organizable  matte 
in  the  main,  compounded  of  elements  with  such 
similar  properties,  affords  a  strong  i  frlori  presump 
that  such  organizable  matter  would  be  most  unstJ 
and  most  prone  to  undergo  metamorphic  changes  u: 
the  influence  of  even  slight  changes  of  condition — : 
as  might  operate  without  appreciable  result  upon 
majority  of  inorganic  substances.  The  propertie 
the  various  frotein  substances  which  form  the 
essential  constituents  of  living  tissues,  are  foun< 
correspond  entirely  with  these  a  priori  requirem< 
This  can  scarcely  be  better  shown  than  it  has  I 
by  Mr.  Spencer  when  he  wrote  ^ : — ^  It  is,  however, 
nitrogenous  constituents  of  living  tissues  that 
play  most  markedly  those  characteristics  of  w 
we  have  been  tracing  the  growth.  Albumen,  fit 
casein,  and  their  allies  are  bodies  in  which 
molecular  mobility  exhibited  by  three  of  their  c 
ponents  in  so  high  a  degree  is  reduced  to  a  m 
mum.  These  substances  are  known  only  in  the  s 
state  :    that   is   to  say,  when  deprived   of  the   w 

*  Loc.  cit.  p.  12. 
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usually   mixed    with    them,   they    do    not    admit    of 
fusion,  much   less  of  volatilization.    To  which  add, 
that  they  have  not  even  that  molecular  mobility  which 
solution  in  water   implies;   since  though   they  form 
viscid  mixtures  with  water,  they  do  not  dissolve  in  the 
same  perfect  way  as  do  inorganic  compounds.    The 
chemical  characteristics  of  these   substances   are  in- 
stability and  inertness  carried  to  the  extreme It 

should  be  noted,  too,  of  these  bodies,  that  though  they 
exhibit  in  the  lowest  degree  that  kind  of  molecular 
mobility  which  implies  facile  vibrations  of  the  atoms 
^  wholes,  they  exhibit  in  a  high  degree  that  kind  of 
niolecular  mobility  resulting  in  isomerism,  which  im- 
plies permanent  changes  in  the  positions  of  adjacent 
stoms  with  respect  to  each  other.  Each  of  them  haS 
^  soluble  and  insoluble  form.  In  some  cases  there  are 
indications  of  more  than  two  such  forms.  And  it 
appears  that  their  metamorphoses  take  place  under  very 

%ht  changes  of  conditions In  these  most  un- 

^^le  and  inert  organic  compounds,  we  find  that  the 
^toinic  complexity  reaches  a  maximum :  not  only  since 
^^  four  chief  organic  elements  are  here  united  with 
^^^11  proportions  of  sulphur  and  phosphorus,  but  also 
^"^ce  they  are  united  in  high  multiples.  The  peculiarity 
^^<^h  we  found  characterized  even  binary  compounds 
^he  oiganic  elements,  that  their  atoms  are  formed 
^^  of  single  equivalents  of  each  component,  but  of 
^^>  three,  four,  and  more  equivalents,  is  carried  to 
^  greatest  extreme  in  these  compounds  that  take  the 
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leading  part  in  organic  actions.  According  to  Muld 
the  formula  of  albumen  is  lo  (C*.  H„  N,  0„)  +  S, 
That  is  to  say,  with  the  sulphur  and  phosphorus  the 
are  united  ten  equivalents  of  a  compound  atom — co 
taining  forty  atoms  of  carbon,  thirty-one  of  hydroge 
five  of  nitrogen,  and  twelve  of  oxygen:  the  ato 
being  thus  made  up  of  nearly  nine  hundred  ultima 
atoms/ 

These  complex  nitrogenous  compounds,  to  the  pr 
perties  of  which  we  have  just  been  alluding,  belong 
the  class  of  bodies  named  colloids  by  Professor  Grahai 
They  all  have  an  extremely  low  diffusive  power  wh< 
in  solution,  and  on  this  account  they  have  been  sep 
rated  from  the  crystalloids^  or  kinds  of  matter  whit 
It^nd  to  crystallize,  and  also  undergo  diffusion  mu< 
more  rapidly.  Gelatine  may  be  taken  as  the  type 
this  colloidal  condition  of  matter,  A  most  radical  di 
tinction  is  presumed  to  exist  between  crystalloids  ai 
colloids,  in  regard  to  their  intimate  molecular  co; 
stitution.  Professor  Graham  says^: — ^  Every  physic 
and  chemical  property  is  characteristically  modified  : 
each  class.  They  appear  like  different  worlds  of  matte 
and  give  occasion  to  a  corresponding  division  of  chemic 
science.  The  distinction  between  these  kinds  of  matt 
is  that  subsisting  between  the  material  of  a  miners 
and  the  material  of  an  organized  mass.*  Referring  1 
the  colloidal  class  of  substances.  Professor  Graham  alj 
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says  ^:—*  Among  the  latter  are  hydrated  silicic  acid, 

Vtydiated  alumina,  and  other  metallic  peroxides  of  the 

aluminous  class,  when  they  exist  in  the  soluble  form  \ 

with  starch,  dextrine  and  the  gums,  caramel,  taurin, 

albumen,  gelatine,  vegetable   and  animal   extractive 

matter.    Low  diffiisibility   is  not  the  only   property 

which  the  bodies  last  enumerated  possess  in  common. 

They  arc  distinguished  by  the  gelatinous  character  of 

their  hydrates.    Although  often  largely  soluble  in  water, 

Acy  are  held  in  solution  by  a  most  feeble  force.     They 

appear  singularly  inert  in  the  character  of  acids  and 

''^ses,  and  in  all  the  ordinary  chemical  relations.     But, 

on  the  other  hand,  their  peculiar  physical  aggregation, 

^ith  the  chemical  indifference  referred  to,  appears  to 

be  required  in  substances  that  can  intervene  in  the 

^'pnic  processes  of  life.     The  plastic  elements  of  the 

^'Hal  body  are  found  in  this  class.*   These  compounds 

^e  so  all-important  in  living  oi^anisms,  both  from 

^  ^^nictural  and  from  a  functional  point  of  view,  that 

^^  most  desirable  to  learn  as  much  as  we  can  con- 

^^^ing  their  properties  as  mere  material  aggregates 

""'•  ^.  when  they  exist  alone  and  not  as  constituents 

^*ving  bodies.     We  find  that  they  themselves  exhibit 

^nstant  tendency  to  change  in  response  to  the  most 

^^ate  impressions,  after  a  feshion  which  is  suggestive, 

*^ast,  of  the  more  complex  though  still  comparatively 

^l^le  action  and  interaction  taking  place  between  one 

^Vie  lowest  kinds  of  Amoebae  and  its  environment. 

*  'Phil.  Trans.'  1861.  p.  183. 
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This  tendency  we  must  attribute  to  the  large  size  a 
complexity  of  the  colloidal  molecules  *•  Profess 
Graham  says  on  this  subject : — ^  Another  and  emineni 
characteristic  quality  of  colloids  is  their  mutabilil 
Their  existence  is  a  continued  metastasis.  A  colic 
may  be  compared  in  this  respect  to  water  while  existi: 
liquid  at  a  temperature  under  its  usual  freezing  poii 

or  to  a  supersaturated  saline  solution The  sol 

tion  of  hydrated  silicic  acid,  for  instance^  is  east 
obtained  in  a  slate  of  purity,  but  it  cannot  be  pr 
served.  It  may  remain  fluid  for  days  or  weeks 
a  sealed  tube,  but  it  is  sure  to  gelatinize  and  becon 
insoluble  at  last.  Nor  does  the  change  of  this  colic 
appear  to  stop  at  that  point.  For  the  mineral  fon 
of  silicic  acid  deposited  from  water,  such  as  flint,  a 

'  *  Applying  to  atoms  the  mechanical  law  which  holds  of  masses,  tl 
since  inertia  and  gravity  increase  as  the  cubes  of  dimensions,  wl 
cohesion  increases  as  their  squares,  the  self-sustaining  power  of  a  be 
becomes  relatively  smaller  as  its  bulk  becomes  greater;  it  might 
argued  that  these  large  aggregate  atoms  which  constitute  organic  si 
stance,  are  mechanically  weak — are  less  able  than  simpler  atoms 
bear,  without  alteration,  the  forces  falling  on  them.  That  very  massi 
ness  which  renders  them  less  mobile,  enables  the  physical  forces  act 
on  them  more  readily  to  change  the  relative  positions  of  their  cc 
ponent  atoms  ;  and  so  to  produce  what  we  know  as  rearrangements  t 
decompositions/  (Spencer,  loc.  cit.  p.  14.)  Professor  Graham  a 
says : — •  It  is  difficult  to  avoid  associating  the  inertness  of  colloids  w 
their  high  equivalents,  particularly  where  the  high  number  appears 
be  attained  by  the  repetition  of  a  smaller  number.  The  inquiry  suggc 
itself  whether  the  colloid  molecule  may  not  be  constituted  by  the  gro 
ing  together  of  a  number  of  smaller  crystalloid  molecules,  and  whetj 
the  basis  of  coUoidality  may  not  really  be  this  composite  character 
the  molecule.'  (Loc.  cit.  p.  2«i.) 
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often  found  to  have  passed,  during  the  geological  ages 

of  their  existence,  .from  the  vitreous  or  colloidal  into 

the  crystalline  condition  ^.     The  colloidal  is,  in  fact, 

a  dynamical  state  of  matter  ^  the  crystalloid  being  the 

^cal  condition.     The  colloid    possesses  Energia. 

bnujfie  Uoked  ufam  as  the  frobable  primary  source  cf  the 

f^  affearimg  m   the  phenomena   of  vitality.     To  the 

S^ual  manner  in  which  colloidal  changes  take  place 

(for  they  always  demand  time  as  an  element),  may  the 

^ractcristic  protraction  of  chemico-organic  changes 

^feo  be  referred/    Thus,  then,  we  seem  to  have  found 

''^terials  which  are  modifiable  and  plastic  enough  to 

^tcr  into  the  composition  of  living  things  2. 

fiut,  let  us  now  glance  at  the  theories  and  require- 
''tents  of  those  who  seek  to  account  for  the  first  appear- 
^^Ure  of  Oi^nisms. 

To  all  those  who  are  firm  believers  in  the  Evolution 

^  Even  a '  coUoid  holding  so  high  a  place  in  its  class  as  albumen ' 
'^^^y  be  met  with  in  the  opposite  or  crystalline  condition.  Professor 
v^raham  says : — '  In  the  so-called  blood-crystals  of  Funke,  a  soft  and 
S^latinoas  albumenoid  body  is  seen  to  assume  a  crystalline  contour. 
^^  any  fiicts  more  strikingly  illustrate  the  maxim  that  in  nature  there 
^'^  Qo  abrupt  transitions,  and  that  distinctions  of  class  are  never 
•^Inte?' 

*  AVhile  the  composite  atoms  of  which  organic  tissues  are  built  up 
that  molecular  mobility  fitting  them  for  plastic  purposes,  it 
"^''"Its  from  the  extreme  molecular  mobilities  of  their  ultimate  consti- 
^^ts,  that  the  waste  products  of  vital  activity  escape  as  fast  as  they 
.  formed.*  (Spencer,  loc.  dt.  p.  24.)  Vital  actions  entail  decomposi- 
^*^»  in  which  comparatively  stable  and  simple  combinations  result 
'^^'^^  the  breaking  up  of  the  more  complex  and  highly  unstable  protein 

^''^pouiids.    It  is  necessary  that  these  effete  products  should  be  got 

^^  of. 
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hypothesis,   it  will,  as  Dr.  Child   has   already  said  ^, 
seem  ^  an  almost  irresistible  conclusion  that  there  must 
have  been  a  stage  in  the  development  of  the  universe 
when  the  earliest  forms  of  organic  life  were  evolved 
from  some  special  collocation  of  inorganic  elements  by 
the  continued  operation  of  the  laws  already  in  action/ 
Professor  Haeckel,  indeed,  tells  us  that  the  occurreocc 
of  an  original  evolution  of  Life  on  our  globe  *  has  at 
present   become   a  logical  postulate  of  scientific  natwr^^ 
history  i*  and,  similarly,  Mr.  Herbert  Spencer,  though 
'granting  that  the  formation  of  organic  matter,  and  tl** 
evolution  of  life  in  its  lowest  forms,  may  go  on  und^ 
existing  cosmical  conditions,*  believes  it  *more  likel^f 
that  the  formation  of  such  matter  and  such  forms  toc^^ 
place  at  a  time  when  the  heat  of  the  earth's  surfacr^ 
was   falling   through   those   ranges  of  temperature  M^^ 
which   the    higher  organic   compounds   are   unstable^ 
'  Exposed  to  those  innumerable  modifications  of  con- — 
ditions,'  he  adds,  *  which  the  earth's  surface  afforded;-^ 
here  in  amount  of  light,  there  in  amount  of  heat,  anc^ 
elsewhere  in  the  mineral  quality  of  its  aqueous  medi — ' 
cine,  this  extremely  changeable  substance  must  have- 
undergone  now  one,  now  another  of  its  countless  meta- 
morphoses.' 

The  exponents  of  the  Evolution  hypothesis,  in  fact, 
lead  us  to  believe,  that,  prior  to  the  evolution  of  Life 
and  the  appearance  of  living  things  on  our  globe, 
there  must  have  gone  on  a  long  series  of  changes  in 

>  *  Essays  on  Physiological  Subjects,'  and  edition,  1869,  p.  144. 
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the  combinations  and  re-combinations  of  matter  on  its 
surface,  leading  to  the  formation  of  different  kinds  of 
aggregates,  the  molecules  of  which  were  large  and  com- 
plex.   Such  molecules,  then,  existing  in  a  state  of  solu- 
tion, are  supposed  to  have  been  as  prone  to  undergo 
changes  under  the  modifying  influence  of  incident  forces, 
as  are  those  of  the  more   or  less  similar  compounds 
named  *  organic '  in  our  own  day.     Before  the  lowest 
forms  of  Life  could  have  been  evolved,  it  is  presumed 
that  there  must  have  been  gradually  going  on  the  pro- 
gressive elaboration  of  aii  ^  organizable'  material,  re- 
sulting, perchance,  in  the  production  of  states  of  matter 
niorc  or  less   resembling  those   named  protein^  states 
which,  under  the  influence  of  incident  forces,  may  have 
^n  thrown  into  phases  of  unstable  equilibrium,  slowly 
^^  gradually  resulting  in  new  combinations  present- 
^Dg  such  lowest  modes  of  vital  manifestation  as  present 
themselves  in  the  minute  and  simple  jelly-specks  con- 
stituting the  Trotamah£  of  Professor  Haeckel. 

Modes  of  action  and  reaction  between  such  unstable 
"^ies  and  their  environment,  not  wholly  different  from 
^c  which  a  colloid  presents,  may  at  last  have  led, 
through  the  most  insensible  gradations,  to  those  alto- 
gether indefinite,  though  successive,  changes  which  con- 
stitute the  vital  phenomena  of  the  lowest  known  forms 
^  Life.  « Construed  in  terms  of  evolution,'  says  Mr. 
"^P^ncer,  ^  every  kind  of  being  is  conceived  as  a  product 
^  niodifications  wrought  by  insensible  gradations  on  a 
P''e-existing  kind  of  being ;  and  this  holds  as  fully  of  the 
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supposed  "commencement  of  organic  life'*  as  < 
subsequent  developments  of  organic  life.  It  i 
more  needful  to  suppose  an  "  absolute  commence 
of  organic  life,"  or  a  "first  organism,**  than  it  is  nc 
to  suppose  an  absolute  commencement  of  soda 
and  a  first  social  organism.* 

It  is  of  the  utmost  importance  to  keep  this 
consideration  clearly  in  view  in  discussing  the  pro 
of  the  origin  of  Life. 

The  labours  of  the  chemists  who  have  succeed< 
building  up  organic  compounds  in  their  laborat 
now  come  to  our  aid.     They  throw  even  more 
a  faint  glimmer  of  light  upon  the  possibilities  to  v 
we  have  just  been  alluding,  since,  as  Mr.  Spencer 
^Organic  matters  are  produced  in  the  laborator 
what  we   may  literally   call  artificial  evolution,^ 
opinion  he  explains  in  the  following  passage,  whic 
cannot  forbear  quoting,  notwithstanding  its  app; 
technicality.  <  Chemists  find  themselves  unable  to  f 
he   says,  'these   complex  combinations  directly 
their  elements;  but  they  succeed  in  forming  then 
directly,  by  successive  modifications  of  simpler  • 
binations.     In  some  binary  compound,  one  eleme: 
which  is  present  in  several  equivalents,  a  chanj 
made  by  substituting  for  one  of  these  equivalent 
equivalent   of  some    other  element;   so  producii 
ternary  compound.     Then  another  of  the  equiva 
is  replaced,  and  so  on.     For  instance,  beginning 
ammonia,  NH3,  a  higher  form  is  obtained  by  repk 
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one  of  the  atoms  of  hydrogen  by  an  atom  of  methyl,  so 
producing  methyl-amine,  N(CH3)H2;  and  then  under 
the  further  action  of  methyl,  ending  in  a  further  substi- 
tution, there  is  reached  the  still  more  compound  sub- 
stance dimethyl-amine,  N(CH3)(CH3)H.    And  in  this 
niaimer  hig^y  complex  substances  are  eventually  built 
up.   Another  characteristic  of  their  method  is  no  less 
significant.     Two  complex  compounds  are  employed  to 
generate,  by  their  action  upon  one  another,  a  compound 
of  still  greater   complexity ;   different   heterogeneous 
molecules  of  one  stage,  become  parents  of  a  molecule 
*  stage  higher  in  heterogeneity.    Thus  having  built  up 
^ic  acid  out  of  its  elements,  and  having  by  the 
process  of  substitution  described  above  changed  the 
acetic  acid   into  propionic  acid,  and  propionic  into 

Iwtyric,  of  which  the  formula  is  {^^^Ihq)'^"}; 
4is  complex  compound  by  operating  upon  another 
complex  compound,  such  as  the  dimethyl-amine  named 
^e,  generates  one  of  still  greater  complexity,  butyrate 

of  Methyl-amine  {^  ^  cO  (H^'^"}  ^CCH,)  {QYi^Vi. 
*c  then  the   remarkable  parallelism.     The  progress 
towards  higher  types  of  organic  molecules  is  effected 
7  modifications  upon   modifications ;  as  throughout 
^^olution  in  general.     Each  of  these  modifications  is 
^  change  of  the  molecule   into  equilibrium  with  its 
environment — an  adaptation,  as  it  were,  to  new  sur- 
rounding conditions  to  which  it  is  subjected ;  as  through- 
out Evolution  in  general.     Larger,  or  more  integrated. 
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aggregates  (for  compound  molecules  are  such)  are  su« 
cessively  generated  ^  as  throughout  Evolution  in  genera 
More  complex  or  heterogeneous  aggregates  are  so  maa 
to  arise,  one  out  of  another^  as  throughout  Evolutic 
in  general.  . .  .  And  it  is  by  the  action  of  the  sia 
cessively  higher  forms  on  one  another,  joined  with  t 
action  of  environing  conditions,  that  the  highest  fora 
are  reached  ^  as  throughout  Evolution  in  general  *. 

If,  however,  we  may  suppose  that  by  a  process 
Evolution,  under  the  influence  of  natural  forces,  ^ 
such  complex  and  unstable  bodies  as  those  to  whi 
we  have  been  referring  could  have  come  into  bein^ 
remote  periods  of  the  Earth's  history,  then  scarcely  si 
conceivable  limit  could  be  placed  upon  the  variatio 
which  might  still  result  under  the  continued  play 
incident  physical  forces.     In  the  first  place,  most 
these  compounds  whose  molecules  are  very  comple- 
are  found  to  be  capable  of  existing  under  many  d£ 
ferent    isomeric  modifications.     Protein^  for  instance 
according  to   Prof.  Frankland,  is   capable  of  existiiS 
under  probably  at  least  a  thousand  isomeric  forms  ^  an- 
this  is  the  substance  which,  in  one  state  or  anothec 
enters  so  largely  into  the  fabric  of  living  things,  as  t 
be,  above  all  else,  tibe  organizable  material.     But  eve 
this  is  not  all  j  there  are  chemical  possibilities  mor 
favourable  still  for  the  origination  and  developments 
variation    of  living   things.      ^  There   are   facts,'   MI 

*  Appendix  to  •  Principles  of  Biology '  (published  separately),  p.  483  - 
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"crbert  Spencer  says*,   ^warranting  the  belief  that 
^ough  these  multitudinous  isomeric  forms  of  protein 
^Ul  not  unite  directly  with  one  another,  yet  they  admit 
^f  being   linked  together  with  other  dements  with 
''^ich  they  combine.     And  it  is  very  significant  that 
there  are  habitually  present  two  other  elements,  sulphur 
^*Ul  phosj^orus,  which  have  quite  special  powers  of 
holding  together  many  equivalents — the  one  being  pent- 
atomic  and  the  other  hexatomic.    So  that  it  is  a  legi- 
timate supposition  (justified  by  analogy),  that  an  atom 
Qf  sulphur  may  be  a  bond  of  union  among  half-a-dozen 
^meric  forms  of  protein;  and  similarly  with  phos- 
phorus.' 

These  then  are  the  materials,  or  such  as  these,  from 

«ie  nascent  action  and  interaction  of  which  and  their 

^^^ironment  there  may  have  sprung  up  those  modes 

^  change  and  growth  which  may  gradually  win  for 

^^Uiselves  the  title  of  ^  vital  *  phenomena,  and  which, 

^^^ming   more   pronounced,  may  at   last  suffice  to 

^'^p  the  most  infinitesimal  and  variable  forms  which 

^*^^^nt  them  as  Living  Things. 

^ut,  for  these  changes  and  actions  to  take  place,  the 

^tinned  action  of  Forces  upon  the  matter  is  needed 

ven  though  this  be  of  the  most  unstable  description, 

'^  therefore  the  most  prone  to  assume  new  molecular 

^""Arrangements.    There  must  also  be  causes  of  change 

^^ting  from  without.    Have  we  not  seen  that  the  phe- 

^^tnena  taking  place  in  living  things,  all  essentially 

^  Loc.  dt  p.  486. 
VOL.  I.  H 
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vital  characteristics,  may  be  described  ^s^tbt  comth 
adaftatlon  of  mtemal  to  external  relmtioms  ?*  This  is 
essence  of  Life  in  its  dynamical  aspect*  The  ca 
of  change  are,  however,  omnipresent;  and  the  i 
potent  of  them  seem  to  be  those  rays  of  Hoat  and  1 
which  are  transmitted  to  us  from  our  great  cei 
luminary  in  the  form  of  molecular  motions — by  m 
of  subtle  impacts  and  wave-like  undulations  in 
intervening  realms  of  ether-space.  These  are  the 
known,  and  possibly  the  most  influential  of  the  f< 
which,  emanating  from  the  centre  of  our  solar  sys 
spirit-like,  work  their  vivifying  influence  by  prodi 
such  material  combinations  as  are  capable  of  n 
festing  the  phenomena  of  Life, 

The  question  how  such  ethereal  undulations 
capable  of  bringing  about  the  gradually  more  con 
molecular  re-arrangements  by  which  an  organi 
material  has  been  supposed  to  be  producible ;  and 
in  the  already  existing  living  thing  they  exert 
influence  in  those  processes  of  assimilation  and  grc 
whereby  not-living  materials  are  continually  heing  com, 
into  living  tissue^  is  one  of  the  deepest  interest — ^tov 
the  solution  of  which  Mr.  Spencer  has  contributed  \ 
most  valuable  suggestions. 

^The   elements   of   the  problem,'  as    Mr.  Spc 
says,   ^are  these: — ^The  atoms  of  several  ponde: 
matters  exist  in  combination:  those  that  are  i 
bined  having  strong  affinities,  but  having  also 
nities  less  strong  for  some  of  the  surrounding  a 
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that  are  otherwise  combined.  The  atoms  thus  united, 
and  thus  mixed  among  others  with  which  they  are 
capable  of  uniting,  are  exposed  to  the  undulations  of 
a  medium  that  is  relatively  so  rare  as  to  seem  im* 
ponderable*  These  undulations  are  of  numerous  kinds : 
they  diflfer  greatly  in  their  lengths,  or  in  the  frequency 
with  whidi  they  recur  at  any  given  point.  And  under 
the  influence  of  undulations  of  a  certain  frequency, 
some  of  these  atoms  are  transferred  from  atoms  for 
whidi  they  have  a  stronger  affinity,  to  atoms  for  which 
they  have  a  weaker  aflSnity.  That  is  to  say,  particular 
orders  of  waves  of  a  relatively  imponderable  matter, 
^"wnove  particular  atoms  of  ponderable  matter  from 
their  attachments,  and  carry  them  within  reach  of  other 

attachments Now  the  discoveries  of  Bunsen  and 

Kirchoff  respecting  the  absorption  of  particular  lumi- 
niferous  undulations  by  the  vapours  of  particular  sub- 
stances, joined   with    Professor  Tyndall's  discoveries 
respecting  the  absorption  of  heat  by  gases,  show  very 
dearly  that  the  atoms  of  each  substance  have  a  rate  of 
vibration  in  harmony  with  ethereal  waves  of  a  certain 
length,  or  rapidity  of  recurrence.     Every  special  kind 
of  atom  can  be  made  to  oscillate  by  a  special  order  of 
ethereal  waves,  which  are  absorbed  in  producing  its 
osciUations ;  and  can  by  its  oscillations  generate  this 
same  order  of  ethereal  waves.    Whence  it  appears  that 
inmiense  as  is  the  diflPerence  in  density  between  ether 
and  ponderable  matter,  the  waves  of  the  one  can  set 
the  atoms  of  the  other  in  motion,  when  the  successive 

H  2 
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impacts  of  the  waves  are  so  timed  as  to  correspond 
with  the  atoms.  The  eflFects  of  the  waves  are,  in  such 
case,  cumulative^  and  each  atom  gradually  acquires 
a  momentum  made  up  of  countless  infinitesimal  mo- 
menta/ Mr.  Spencer  then  points  out  that  the  elements 
of  a  chemically-compounded  atom  (or  ^molecule,*  as  it 
is  usually  termed  by  chemists),  being  still  free  to  move 
within  certain  limits,  we  must  suppose  them  to  remain 
severally  capable  of  vibrating  in  unison  with  the  same 
kinds  of  ethereal  waves,  as  were  capable  of  moving 
them  when  they  were  in  their  uncombined  condition. 
The  component  atoms,  therefore,  retain  their  original 
rates  of  oscillation,  modified  only  as  they  may  be  by 
their  mutual  influence  upon  one  another;  whilst  the 
compound  atom  or  molecule  will  have  a  capacity  of 
oscillating  determined  by  the  attributes  of  its  con- 
stituent atoms.  Taking  the  case  of  binary  molecules 
as  an  example,  it  becomes  evident  that  if  the  members 
of  such  molecules  differ  from  one  another  considerably, 
they  arc  almost  sure  to  be  thrown  into  different  rates 
of  vibration,  and  ^  it  is  manifest  that  there  must  arise 
a  tendency  towards  the  dislocation  of  the  two — a 
tendency  which  may  or  may  not  take  effect,  according 
to  the  weakness  or  strength  of  their  union,  and  according 
to  the  fresence  or  absence  of  collateral  affinities!  This 
inference  is  perfectly  in  harmony  with  certain  known 
facts.  The  metallic  compounds  which  are  most  de- 
composable under  the  influence  of  the  chemical  rays  of 
light  are  silver,  gold,  mercury,  and  lead,  all  of  which 
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have  high  atomic  weights,  whilst  others,  such  as  so- 
dium and  potassium,  the  atomic  weights  of  which  are 
low,  are  much  less  changeable.  In  binary  compounds 
of  these  several  metals  having  high  atomic  weights 
there  would  be  a  greater  difference  between  the  weights 
of  the  component  elements,  than  if  we  had  to  do  with 
compounds  of  the  small-atomed  metals,  and  so  also, 
it  has  been  found  that  it  is  precisely  those  compounds 
which  consist  of  the  most  dissimilar  elements  that  are 
the  most  decomposable.  But  there  is  also  another 
most  interesting  aspect  of  the  question.  Mr.  Spencer 
says: — ^^ Strong  confirmation  of  this  view  may  be  drawn 
from  the  decomposing  actions  of  those  longer  ethereal 
waves  which  we  perceive  as  heat.  On  contemplating 
the  whole  series  of  binary  compounds,  we  see  that  the 
elements  which  are  most  remote  in  their  atomic 
weights,  as  hydrogen  and  the  noble  metals,  will  not 
combine  at  all :  their  vibrations  are  so  unlike  that  they 
cannot  keep  together  under  any  conditions  of  tempe- 
rature. If  again  we  look  at  a  smaller  group,  as  the 
metallic  oxides,  we  see  that  whereas  those  metals  that 
have  atoms  nearest  in  weight  to  the  atoms  of  oxygen, 
cannot  be  separated  from  oxygen  by  heat,  even  when 
it  is  joined  by  a  powerful  collateral  affinity^  those 
metals  which  differ  more  widely  from  oxygen  in  their 
atomic  weights,  can  be  de-oxidized  by  carbon  at  high 
temperatures;  and  those  which  differ  from  it  most 
widely,  combine  with  it  very  reluctantly,  and  yield 
it  up  if  exposed  to  thermal  undulations  of  moderate 


lOJ  THE  BEGIXXIXGS  OF  LIFE. 

intensity.  And  here  indeed,  remembering  the  relations 
between  the  atomic  weights  in  the  two  cases,  may  "^^ 
not  suspect  a  close  analogy  between  the  de-oxidatioa  of 
a  metallic  oxide  by  carbon  under  the  influence  of  tl^ 
longer  ethereal  waves,  and  the  decarbonization  of  c3J- 
bonic  acid  ^  by  hydrogen  under  the  influence  of  tb^ 
shorter  ethereal  waves  ? ' 

These  discoveries  and  suggestions  are,  we  think,   ^ 
the  deepest  interest  and  importance.     They  open  »-*P 
possibilities  of  explaining  problems  which  had 
seemed  well-nigh  insoluble,  and  that,  too,  in  the  si 
plcst  way,  and  by  the  application  of  strictly  physic^^ 
principles.     Having  to  deal  with  such  mutable 
terials  as  the  unstable  and  big-atomed  colloids,  an 
being  aware  of  the  above-mentioned  explanations 
to  the  way  in  which  vibrations  communicated  to 
imponderable  ether  may  bring  about  motions  amongs 
the  atoms  of  ponderable  matter,  much  of  the  seem — 
ingly   impenetrable  mystery  which  has   hitherto   en^^ 
shrouded  the  nature  of  the  changes  taking  place  in. 
living  tissues,  appears  to  be  notably  lessened.     No 
subject  seemed  more  hopelessly  difficult,  and  yet  we 
can    now    only    agree    with   Mr.  Spencer    when    he 
says: — *  These  conceptions  help  us  to  some  dim  no- 
tion of  the  mode  in  which  changes  are  wrought  by 

^  The  decomposition  of  carbonic  acid  and  the  fixation  of  carbon  as 
one  of  the  component  elements  of  living  tissue  is  continually  taking 
place  in  the  leaves  of  plants  under  the  stimulus  of  solar  light  and 
its  actinic  rays. 
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%fat  in  the  leaves   of  plants.     Among  the  several 
dements  concerned  there  are  wide  differences  in  mole- 
cular mobility,  and  probably  in  the  rates  of  molecular 
^tion.    Each  is  combined  with  many  of  the  others, 
Iwt  is  capable  of  forming  various  combinations  with 
^  rest.    And  they  arc  severally  in  presence  of  a  com- 
^^  compound  into  which  they  all  enter,  and  which 
^  ready  to  assimilate  to  itself  the   new  compound 
^toms  that  they  form.    Certain  of  the  ethereal  waves 
'^ling  on  them  when  thus    arranged,  there    results 
^     detachment  of  some  of  the  combined  atoms  and 
*    i]nion  of  the  rest.     And   the  conclusion  suggested 
^^  that  tke  induced  viirations  among  the  various  atoms  as 
^^  frst  arranged,  are  so  incongruous  as  to  produce  instahility  ,• 
*'d  to  pve  collateral  affinities  the  fovser  to  nvork  a  re- 
raugement  wAich^  though  less  stable  under  other  conditions^ 
*'■'  more  statle  in  the  presence  of  these  particular  undulations.^ 
-^Tius  the  way  seems  opening  for  us  to  comprehend 
*^ow,  under  the  mere  influence  of  physical  forces,  not- 
'-iving  combinations  may  be  broken  up  so  as  to  give 
^lace  to  those  more  subtle   combinations  of  matter 
'Vhich  arc  only  possible  where  much  incident  force  is 
detained.     We  know  that  the  food  of  plants  consists 
of  not-living   or  so-called    mineral    ingredients,   we 
know  also  that  the  plant  grows,  and  therefore  that 
these    non-living    ingredients    must    be    decomposed 
in   order  to   give  place   to    the   new   living  matter 
which  is  continually  being  produced.     Physical  forces 
and  natural  affinities  are,  therefore,  supposed  to  be  the 
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only  factors  necessary  for  bringing  about  ti 
lous  transformation,  for  enabling  Living 
originate  in  the  tissues  of  plants  by  means  of 
rearrangement  of  pre-existing  not-living  elei 

To  some  these  views  concerning  the  nat 
and  vital  manifestations  may  seem  to  be  sa 
cient,  reducing  it,  as  the  theory  does,  to  a  i 
play  between  a  material  aggr^ate  of  a  part 
and  its  environment*  But,  it  must  not  be  for 
the  only  fair  way,  in  judging  of  the  adequ£ 
an  hypothesis,  is  to  consider  how  far  it  is 
as  an  explanation  of  the  phenomena  exhibi 
lowest  Living  Things,  The  more  we  look  to 
forms  of  Life,  the  more  apt  are  we  to  be 
the  real  and  essential  nature  of  the  phenom 
place,  owing  to  the  greater  complexity  which 
in  their  various  functions  step  by  step  with 
tural  differentiation  of  the  organism  itsel 
theless,  even  from  phenomena  presented  b 
these  higher  organisms,  evidence  may  b< 
which  is  certainly  more  reconcilable  witfc 
ceptions  of  Life  to  which  we  have  just  bee 
than  with  any  other. 

When  seeds  of  wheat,  produced  by  living 
times  antecedent  to  the  Pharaohs,  can  rem; 
Egyptian  catacombs,  through  century  after 
displaying  of  course  no  vital  manifestations, 
theless  retaining  the  potentiality  of  growing 
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fe^  plants*  whenever  they  may  happen  to  be  brought 

• 

into  contact  with  suitable  external  conditions,  we  must 
P'^sume  that,  either  ( i )  during  this  long  lapse  of  cen- 
turies the  ^ vital    principle'   of  the    plant  has    been 

• 

iniprisoned  in  the  most  dreary  and   impenetrable  of 

^^cons,  whither  no  sister  effluences  from  the  general 

^  of  nature '  could  aflFect  it,  and  whence  escape  was 

'"^possible;   or  else  (2)  that  the  germ  of  the  future 

P^ible  living  plant  is  there  only  in  the  form  of  an 

'flnerited  structure  whose  molecular  complexities  are 

^  Such  a  kind  that,  after  moisture  has  restored  mobi- 

^v  to  its  atoms,  its  potential  life  may  pass  into  actual 

^^>  because  the  ever-recurring  ethereal  pulses  of  motion, 

^^  other  changes  in  its  environment,  are  capable  of 

S^^iiig  rise  to  a  definite  series  of  simultaneous  and 

^"^^essive  changes  in  its  own  structure.     This  series 

^xtions   and  re-actions  —  most   variously   complex 

^^Ugh  they  may  be — constitute  the  essential  phenomena 

^  t^ife,  and  the  structure  of  the  organism  or  living 

thiixg  manifesting  them  is  but  the  material  embodi- 

^^ilt  resulting  from  such  actions. 

Xi  connection  with  periods  of  rest  in  Plant  life,  Alex.  Braun  {Re- 

{****««i«fii««  in  Nature,  Syd.  Soc.  1853,  p.  200,  et  seq.)  makes  some  very 

"'^'^^sting  remarks.    We  will  extract  the  following  sentences  only : — 

*^*^  fonnation  of  fixed  oil  is  intimately  connected  with  that  of  starch 

^    ^^  economy  of  cell-life ;  its  appearance,  in  like  manner,  announces 

,  ^   repose  of  age  in  cell-life,  its  disappearance  the  beginning  of  Re- 

l^'^^nescencc.    We  meet  with  fixed  oil  in  the  cells,  either  mixed  with 

^^^'^  substituted  for  it,  or  gradually  displacing  it ;  its  occurrence  is 

^'^'^ps  still  more  geneml  than  that  of  starch,  since  it  exists  even  in  the 

'"tf  tod  Phycochromiferous  Algae.* 


[  oil  /"///■;  /.'/■:(;/.vx/.V(Js  of  life. 

But  such  things  are  not  ooJy  true  concenuDg  th^ 
germs  of  plants ;  somewhat  parallel  phenomena  are  ^ce~ 
sented  even  by  adult  organisms  in  the  animal  series- 
The  'Sloths'  of  Spallanzani,  the  Rotifers,  and  the  Free 
Nematoids  or  AnguHlules,  certainly  should  be  talcen  ioto 
account  by  those  who  would  wish  to  jurive  at  comet 
conceptions  as  to  Life.  These  animals,  having  coot- 
paratively  definite  and  complex  organizations,  are  nov 


a.  I .    Aniinab  found  in  toAs  of  M 
a.  PlttlKi  paritdHut,  a  Free  Nematoid. 
6.  Ratifir  vulgarii,  the  common  Wheel  Animalcule, 
c.  Ernydium  tatydo,  one  of  the  '  Sloths'  of  SpallanianL 

notorious  for  their  tenacity  of  Life,  their  power  of  re^ 
sisting   the   most   adverse    external    conditions,   and^ 
above  all,  for  their  power  of  resuming  active  vital  mani-' 
festations,  after  these  have  been  completely  in  abeyance- 
for  five,  ten,  fifteen,  or  even  more  than  twenty  years'. 

'  More  complelc  details  concerning  these  properties  may  be  found  in 
a  memoir  on  '  The  Anatomy  and  Physiology  of  the  Nematoids,  Parasitic 
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Living  together,  as  they  generally  do,  tenanting  the 
same  tofts  of  moss  or  the  same  patches  of  lichen,  they 
ckc  out  their  existence  by  instalments,  instead  of  enjoy- 
iiig  a  more  or  less  definite  and  continuous  span  of  life. 
And,  during  their  most  extreme  degrees  of  desiccation 
^7  certainly  can  have  no  more  title  to  be  looked 
<7on  as  living  things  than  can  the  seeds  in  the  cata- 
combs of  Egypt.    Though  not  living,  they  also  retain 
^  potentiality  of  manifesting  Life:   and,  for  each 
^e,  in  order  that  this  potentiality  may  pass  into  an 
^^lity,  the  first  requisite  is  water,  with  which  to 
restore  to  them  that  possibility  of  molecular  re-arrange- 
^^ii\&  under  the  influence  of  incident  forces,  of  which 
^  absence  of  water  had  deprived  them,  and  without 
^Hich  Life,  in  any  real  sense,  is  impossible  ^ 


**^  Free/  Philosophical  Transactions,  1866,  p.  613-620.  With  regard 
^  Nematoids  I  have  there  said  that  *  the  remarkable  tenacity  of  Life 
^  which  we  have  been  speaking  is  met  with  only  amongst  the  repre- 
"^^tathnes  of  four  land  and  freshwater  genera,  Tyiencbus,  Pleetus, 
^4*Mimete,  and  Cephalobtu ;  whilst  those  of  all  the  other  genera,  except- 
^^  RbabdittM,  marine  as  well  as  land  and  freshwater,  are  rather  remark- 
^  Vie  for  the  very  opposite  characteristic,  they  being  incapable  of  recovery 
^en  after  the  shortest  periods  of  desiccation.'  It  was  formerly  supposed 
^liat  all  the  Free  Nematoids  exhibited  this  tenacity  of  Life. 

*  Professor  Owen  says  (Monthly  Microscopical  Journal,  May  i,  1869, 
(^.294),  'There  are  organisms  {Vibrio,  Rotifer,  Macrobiotus,  &c)  which 
Vecan  devitalize  and  revitalize — devive  and  revive — many  times.  As 
the  dried  animalcule  manifests  no  phenomenon  suggesting  any  idea 
cootributing  to  form  the  complex  one  of  **  life  "  in  my  mind,  I  regard  it 
to  be  as  completely  lifeless  as  is  the  drowned  man  whose  breath  and 

heat  have  gone  and  whose  blood  has  ceased  to  circulate 

The  change  of  work  consequent  on   drying  or  drowning  forthwith 
begins  to  alter  relations  or  "  composition,*'  and,  in  time,  to  a  degree 
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But  the  Death  of  organisms  is  even  capable  of  tea.< 
ing  us  something  as  to  their  life  :  their  mode  of  dyi 
is  typical  of  their  mode  of  living.  The  more  hi^l 
developed  an  organism  has  become,  the  more  has  sp^< 
alization  been  brought  about  in  the  functions  of 
several  parts,  and  (in  almost  the  same  proportion)  t: 
more  has  the  all  become  welded  into  a  wkole,  T^ 
greater  the  degree  of  interdependence  existing  betwe^ 
the  actions  of  its  several  parts,  the  more  is  the  weJ 
being  of  the  entire  organism  interfered  with  by  damag 
occurring  to  any  one  of  these  principal  parts.  Throu^ 
the  intervention,  for  the  most  part,  of  the  nervoir 
system  and  the  vascular  system,  this  individuality  o 
the  entire  organism  is  carried  to  the  most  markec 
extent  in  the  highest  vertebrata,  so  that  the  Life  o 
one  of  these  creatures — regarded  as  a  whole,  or  sun 
total  of  phenomena — differs  almost  as  widely  as  it  i 
possible  from  that  of  some  of  the  lowest  animals  oi 
the  one  hand,  and  from  that  of  plants  on  the  othei 
Their  mode  of  death  also  is  quite  different.  And  a 
with  Life,  so  is  it  with  Death,  we  are  perhaps  too  aj 
to  form  our  notions  concerning  each  from  what  we  ss 
taking  place  in  man  himself  and  in  the  higher  livin 
things — many  people  apparently  never  reflect  upon  th 
striking  differences  which  are  presented,  in  this  respec 
by  the  lowest  animals  as  well  as  by  the  members  of  th 

adverse  to  resumption  of  the  vital  form  of  force,  a  longer  period  beir 
needed  for  this  effect  in  the  Rotifer,  a  shorter  one  in  the  Man,  sti 
shorter,  it  may  be,  in  the  Amoeba.' 
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dngdom.  In  man  we  find  a  fully  developed 
t  inconceivably  complex  organism;  in  the 
'  which,  as  in  that  of  any  ordinary  but  ex- 
nplex  piece  of  machinery,  there  is  seen  to 
est  interdependence  between  the  actions  of 
[  parts.  Destined  as  a  whole  to  perform 
eork,  we  may  constantly  see,  for  instance, 
3l-factories  of  our  manufacturing  districts 
machinery  in  which  the  sum  total  of  work 
e  is  parcelled  out  amongst  different  re- 
interdependent  parts — wheels  of  every  de- 
irge  and  small,  plain  and  toothed ;  combs  of 
ids;  rhythmically  acting  knives,  reels  and 
sters,  all  combine  simultaneously  or  suc- 
\  elaborate  the  woof  out  of  which  our  gar- 
woven.  The  action  of  some  parts  are 
itial,  that  of  others  less  essential  to  the 
he  machine  as  a  whole.  An  interference 
volution  of  some  central  wheel  may  suffice 
interrupt  the  working  of  the  entire  mechan- 
LS  the  functional  workings  in  the  body  of 
ganized  vertebrate  animal  may  be  as  sud- 
:ed  by  a  puncture  in  a  particular  part  of  its 
item.  In  both  instances  the  first  result  is 
ssation  in  the  action  of  a  complex  machine ; 
\  case  of  the  animal — seeing  that  its  body 
adually  built  up  in  a  given  manner  under 
:e  of  certain  definite  actions  or  functions, 
lance  of  which  is  absolutely  necessary — it 
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follows  that  when  such  actions  are  arrested  irretrievably, 
the  organism  as  an  individual  whole  must  die,  although 
its  separate  parts  and  anatomical  elements  may  and 
do  perish  much  more  slowly,  after  diiSTerent  intervals. 
These  perish  simply  by  default — because  the  conditions 
suitable  for  the  continuance  of  their  life  are  no  longer 
forthcoming  5  and  not  because  they  themselves  as  vital 
units  had  received  any  damage  at  the  time  that  the 
organism  as  a  whole  ceased  to  live — when  the  action  of 
the  vital  machine  was  stopped.  Every  anatomical  ele- 
ment of  even  the  highest  animal  may  fairly  be  said  to 
possess  Life  and  a  specific  mode  of  action,  each  after  its 
own  kind ;  only,  the  vital  manifestations  of  the  whole  of 
these  units  are  subordinated  to  the  Life — and,  in  health, 
work  towards  the  well-being — of  the  higher  organism  of 
which  they  form  part.  The  death  of  the  Organism  as 
a  whole,  results  from  the  stoppage  of  its  machinery ; 
but  the  death  of  its  component  parts  subsequently 
follows  as  a  consequence  of  the  cessation  of  those 
more  general  actions  —  under  whose  influence  they 
were  produced,  and  without  whose  existence  they  can 
no  longer  live.  If  the  medulla  oblongata  has  been 
punctured  and  the  heart  has  ceased  to  beat,  there  is 
a  permanent  stoppage  of  this  function,  without  which 
Life,  in  such  a  being  as  a  mammalian  vertebrate, 
is  impossible.  It  consequently  dies.  If  the  blood  no 
longer  circulates,  the  anatomical  elements,  which  arc 
absolutely  dependent  upon  this  fluid  for  their  pabulum, 
must  also,  after  a  time,  necessarily  die.    The  individual 
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muscular  and  nervous  elements  may  and  do  still  live 
fbr  a  time — the  nerve  will  conduct  a  stimulus  under 
which  the  muscle  will  contract;  and  so  is  it,  even 
more  markedly,  with  the  epithelial  cells — those  pos- 
s^ing  cilia  display  their  characteristic  vital  actions 
long  after  the  organism  considered  as  a  complex  whole 
^  ceased  to  live. 

Now  the  lower  we  descend  in  the  scale  of  living 
thmgs,  the  less  marked  does  the  life  of  the  organism 
^  a  whole  become,  in  contradistinction  to  the  life  of 
*fe  several  parts.    The  ^  tendency  to  individuation '  be- 
anies less  and  less  manifest  in  proportion  as  the  struc- 
^  differentiation  diminishes.     The  more  the  several 
parts  of  an  organism  resemble  one  another,  the  less 
^^rence  is  there  between  the  functions  discharged 
°y  these  several  parts,  and  therefore  the  importance 
^^  proportionately  less  to  the  whole  organism  when 
^^  of  these  functions  is  interfered  with.     This  is  but 
^y^^,  in  other  words,  that  the  machinery  of  Life  grows 
^  and  less  complex,  and  that  we  are  gradually  ap- 
*^^iinating  more  and  more  to  a  state  of  things  in 
^^  to  employ  the  same  simile,  we  have  a  mere 
^Si'^gate  of  wheels,  a  mere  repetition  of  more  or  less 
^^lar  parts,  with  progressively  less  of  mutual  inter- 
T^ndence  between  their  several  actions.    Who  has 
^^  noticed  the  slowness  with  which  a  serpent  dies, 
^^  the  toad  clings  to  Life  ?    Look  at  the  writhing 
SUient  of  the  worm  whose  body  has   been   cut  by 
^  gardener's  spade,  or  at  the  green   Nereis  of  the 
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rock-pool  whose  body  has  been  accidentally  torn,  and 
let  us  think  of  the  powers  of  repair  possessed  by  each — 
it  is  not  killed,  and  an  attempt  will  be  made  more  or 
less  e£FectuaUy  to  reproduce  the  lost  part%  just  as  a 
crystal,  in  its  own  proper  medium  would,  after  injury, 
tend  to  reproduce  its  original  symmetry  of  fcnm.  Locdc 
again  at  the  little  polyp  of  our  lakes  and  ponds — the 
Hydra,  whose  individual  Life  is  so  dwarfed  in  com- 


Kia.  1.  Hydra  viridis  in  difleieni  stages  ol  eiten^on  and  contrac- 
tion, reprodadog  genuDiparonsIf — attached  to  roots  of  Duckweed. 
(Rdesel.) 

parison  with  the  Life  of  its  several  parts  that  you  may 
cut  it  or  injure  it  to  almost  any  extent,  and  yet  the 
separate  parts  will  still  live'.     It  can,  in  fact,  scarcely 


'  It  has,  moteover,  been  rccentlj  revealed  by  the  experiments  of 
Haeckel  that  a  similar  power  of  reproduction,  previonsly  unsuspected,  i« 
possessed  by  Mtdtate.  Haeckel  says :  •  My  experiments  proved  that  it 
prevails  to  an  anuuing  extent  in  many  medusc,  especially  in  those  be- 
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be  said  to  constitute  a  living  wbok,  for  the  one  animal 

may  be  divided  into  two,  and  the  two  into  four,  and 

eadi  part  will  grow  into  an  organism  like  that  of  which 

it  is  a  segment — the  ports  grow  into  wholes,  and  in  the 

place  of  the  one  individual  organism  we  get  four  others 

similar  in  kind.    By  mechanical  injury  or  compression 

we  may  destroy  any  single  part  so  compressed,  but  we 

do  not  affect  the  total  organism,  except  for  a  time : 

the  lost  part  is  reproduced. 

These  also  are  the  kinds  of  phenomena  and  modes 
of  Life  with  which  we  are  fomiliar  throughout  the 
Vegetable  Kingdom — nowhere  do  we  meet  with  any- 
thing like  that  same  amount  of  integration  or  indi- 
viduation which  is  characteristic  of  the  higher  animals. 
Mere  fragments  of  plants  in  the  form  of  buds,  ^  cut- 
tings,' or  portions  of  the  root,  separated  from  the  parent 
organism,  are  capable  of  reproducing  plants  similar 
to  those  from  which  they  have  been  derived.  The 
<  tendency  to  individuation'  exists  here  also,  but  even 
in  the  most  perfect  plant  the  accomplished  result  is 
small  indeed,  when  compared  with  what  we  encounter 
amongst  animals.    The  absence  of  a  nervous  system 

loiqriiigto  Uie  fiunily  TboMmtu^ada  of  G^enbauer  {Laodieti  of  Agassiz). 
In  scftenl  species  of  this  £eunily  I  could  divide  the  umbrella  into  more 
than  a  htmdied  species;  and  from  each,  provided  it  only  contained 
a  portion  of  the  margin  of  the  umbrella,  grew  in  a  few  days  (from  two 
to  four)  a  complete  small  medusa.  Merely  a  loosened  shred  of  the 
fringe  on  which  the  base  (the  adjoining  piece  of  the  edge  of  the  umbrella) 
remained,  formed  a  medusa  in  a  few  days.' — *  Monograph  of  Monera.* 
TmsL  in '  Qntrt  Joomal  of  Micros.  Sdenoe/  April,  1869,  P*  ^^T* 

VOL.  I.  I 
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however,  combined   with  the    less  perfect  condition 
of  the  vascular  system,  are  sufficient  to  account  for 
this  want  of  integration  in  the  plant,  and  the  great 
amount    of   independence    shown    by    its    individual 
parts. 

Such  are  some  of  the  principal  differences  in  the 
nature  of  the  Life,  or  aggregate  vital  manifestations  of 
the  members  of  the  Animal  and  of  the  V^etable  King- 
doms: and  great  as  are  the  differences  between  the 
phenomena  of  the  higher  and  of  the  lower  forms  of 
these,  we  may  look  for  even  still  lower  manifestations 
of  Life  in  a  group  of  organisms  whose  characteristics, 
whether  structural  or  functional,  are  so  little  marked 
as  to  make  the  most  philosophic  naturalists  unable  to 
assign  them  a  place  amongst  either  the  one  or  the  other 
of  these  Organic  Kingdoms, 

It  might  have  been  expected,  in  accordance  with  the 
doctrines  of  Evolution,  that  the  lowest  living  things 
would  present  characters  of  the  most  general  descrip- 
tion. They  ought  to  be  simply  living  things,  without 
visible  organization,  and  should  as  yet  present  no 
special  characters  by  virtue  of  which  a  place  might 
be  assigned  to  them  either  in  the  vegetable  or  in 
the  animal  kingdom.  The  older  naturalists  thought 
that  every  living  thing  must  be  either  an  animal 
or  a  plant,  and  they  accordingly  ranged  all  organic 
forms  under  one  or  other  of  these  categories.  But  there 
were  certain  of  them  whose  characteristics  were  so  in- 
definite that  they  could  really  claim  for  themselves  no 
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piacc  in  either  of  these  kingdoms,  and  they  were  con- 
sequently placed  in  the  one  or  in  the  other  alternately 
as  iht  state  of  knowledge  at  the  time  varied,  or  almost 
according  to  the  whim  of  successive  writers.     But  now, 
at  last,  after  this  unseemly  bandying  to  and  fro,  their 
proper  position  is  being  generally  recognized.    The 
merit  of  taking  a  definite  step  as  regards  the  classifica- 
tion rf  these  animals  rests  with  Professor  Haeckel,  who 
says^: — ^I  have  made  the  attempt  in  my  "General 
Morphology  '*  to  throw  some  light  upon  this  systematic 
chaos,  by  placing,  as  a  special  division  between  true 
animals  and  true  plants,  all  those  doubtful  organisms 
of  the  lowest  rank  which  display  no  decided  affinities 
nearer  to  one  side  than  to  the  other,  or  which  possess 
animal  and  vegetable  characters  united  and  mixed  in 
such  a  manner  that,  since   their   discovery,  an   in- 
terminable   controversy  about   their    position   in   the 
animal  or  in  the  v^etable  kingdom  has  continued. 
Manifestly  this  controversy  becomes   reduced  to  the 
smallest  compass  if  the  disputable  and  doubtful  inter- 
mediate forms  are  separated  for  the  present  (though 
only  provisionally)  both  from  the  true  animals  and 
firom  the  true  plants,  and  united  in  a  special  organic 
« kingdom."    Thereby  we  obtain   the    advantage   of 
being  able  to  distinguish  both  true  animals  and  true 
plants  by  a  clear  and  sharp  definition,  and,  on  the 
other  hand,  a  special  proportion  of  attention  is  attracted 

>  'Monograph  of  Monera.*    Translation  in  *Qaarterly  Journal  of 
BCicroscopkal  Science,*  July,  1869,  p.  250. 
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to  the  very  low  organisms  hitherto  so  much  neglected, 
and  yet  so  extremely  important.  I  have  called  this 
boundary  kingdom  intermediate  between  the  animal 
and  the  vegetable  kingdoms,  and  connecting  both, 
the  PROTISTA '.'  All  the  members  oS  this  king- 
dom multiply  by  an  exclusively  non-sexual  method 
of  reproduction.  It  should  be  understood,  however, 
that  in  proposing  such  a  classification  Prof.  Haeckel 
by  no  means  wishes  to  establish  an  abscdute  wall 
of  separation  between  these  three  organic  kingdoms. 
He  is  much  more  disposed  to  believe  that  animals 
as  well  as  plants  have  gradually  arisen  out  of  mo- 
difications  which  have  taken  place  in  the  simplest 
Protista.  This  primordial  organic  kingdom  he  divides 
into  ten  groups,  in  the  lowest  of  which,  named 
Honera^,  are  included  such  mere  naked,  non-nucle- 
ated  jelly-specks  as   those    belonging  to  the   genera 

^  rb  wpufTicTov,  the  first  of  all,  primordial.  *G«n.  Morph/  vol.  i. 
p.  203,  and  Tol.  ii.  p.  xx.  and  p.  403.  Elsewhere  he  says : — *  The  questioD 
which  has  been  so  often  debated  during  the  last  twenty  years  as  to 
a  boundary  between  the  animal  and  the  vegetable  kingdoms  wiU  be 
decided  by  the  M onera,  or,  more  correctly,  they  will  prove  that  a  perfect 
separation  of  both  kingdoms,  in  the  manner  in  which  it  is  usually 
attempted,  is  impossible.  The  Monera  mre  apparently  such  peculiar 
organisms  that  they  can  be  classed  with  equal  propriety,  or  rather  with 
equal  arbitrariness,  as  primitive  animals  or  as  primitive  plants.  They 
may  just  as  well  be  regarded  as  the  first  beginnings  of  animal  as  of 
vegetable  organization.  But  as  no  one  mark  of  distinction  inclines  them 
more  to  one  side  than  to  the  other,  it  seems  most  correct  at  present 
to  class  them  as  intermediate  between  true  animals  and  true  plants.* 
(*  Journal  of  Micros.  Science,'  Jan.  1869.  p.  39.) 

'  Name  from  fior^ptft,  simple. 
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VrwtMmmkm  and  FrotogeneSy  to  which  we  shall  have  occa- 
sion again  to  allude.  The  other  members  of  this 
primitive  kingdom  being  comprised  under  one  or  other 
of  the  following  groups  :.—Flagellata,  Iiabyrinthulea, 
I>iatoin0a,  FhyoodhromaoeeB,  Fungi',  MyzomyoeteB,  Proto- 
pl•8ta^  Voetiluom,  and  Bhixopoda. 

The  homogeneous  and  shapeless  masses  of  plasma 
constituting  the  group  Monera  are  supposed  by  Prof. 
Haeckel  to  have  come  into  being  by  a  process 
of  equivocal  or  'spontaneous'  generation,  and  these 
are  r^arded  by  him  as  the  primordial  living  things^. 
We  think,  however — for  reasons  which  will  subse- 
quently appear — that,  side  by  side  with  these,  should 
stand  Bsaeriay  TaruU^  and  other  equally  primordial 
forms  not  alluded  to  by  Prof.  Haeckel.  We  merely 
mention  this  conclusion  at  which  we  have  arrived, 
but  will  not  enlarge  upon  it  at  present. 

It  will  be  usefiil  for  us  to  see,  however,  what  Prof. 
Haeckel  has  to  say  concerning  the  members  of  his  group 
Monera,  including  as  it  does  the  two  genera  above 
mentioned,  as  well  as  others  (such  as  Frotomyxa  and 
Vamfyrella)  the  species  of  which  are  no  longer  naked, 

^  In  jiistification  of  the  removal  of  these  from  the  Vegetable  Kingdom 
Haedcd  says : — '  The  whole  method  of  nourishment  and  assimilation  of 
the  fa^  in  coonection  with  many  other  characters  (especially  the  total 
absence  of  chlorophyll),  remove  them  so  far  from  the  true  plants  that 
the  earlier  botanists  long  since;^wished  to  establish  for  the  fungi  a  special 
organic  kingdom.' 

*  In  tills  group  are  included  all  the  higher  nucleated  AmtiAa, 

'  Loc  ciL  p.  330. 
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but  are  bounded  by  an  outer  membrane ^  He  says': 
— 'I  have  called  those  forms  of  life  standing  at  the 
lowest  grade  of  organization  Monera.  Their  whole 
body,  in  a  fully  developed  and  freely  moving  con- 
dition^ consists  of  an  entirely  homogeneous  and  struc- 
tureless substance,  a  living  particle  of  albumen  ^^ 
capable  of  nourishment  and  reproduction.  These 
simplest  and  most  imperfect  of  all  organisms  are, 
in  many  respects,  of  the  highest  interest.  Far  the 
alhumen-Uke  organic  matter  meets  us  here  as  the  material 
substratum  of  all  life  phenomena^  apparently  not  only 
under  the  simplest  form  as  yet  actually  observed, 
but  also  under  the  simplest  form  which  can  well  be 
imagined.  Simpler  and  more  incomplete  organisms 
than  the  Monera  cannot  be  conceived.  .  .  .  Indeed,  the 
whole  body  of  the  Monera,  however  strange  this  may 
sound,  represents  nothing  more  than  a  single,  thoroughly 
homogeneous  particle  of  albumen,  in  a  firmly  adhesive 

*  Professor  Haeckel  proposes  that  the  word  •  Barcode/  introduced  by 
Dujardin,  should  be  applied  to  the  free  protoplasm  which  exists  without 
a  covering  or  limiting  membrane,  only  with  the  distinct  understanding 
that  such  free  protoplasm  differs  in  no  essential  respect  from  that  which 
is  encapsuled,  whether  it  is  marked  off  from  surrounding  things  by 
a  mere  limiting  membrane,  or  whether  it  is  enclosed  within  a  definite 
cell- wall. 

*  Translation  in  '  Journal  of  Micros.  Science/  Jan.  1869,  p.  28. 

^  *  In  all  chemical  and  physical  respects/  Prof.  Haeckel  writes  else- 
where, *  this  substance  shows  the  qualities  of  a  consistent  carbonaceous 
compound  of  the  group  of  albuminous  substances  (Proteine).  It  is 
identical  with  the  substance  which  as  Plasma  or  Protoplasm  forms 
tlie  contractile  living  substance  of  all  organic  Plastides,  of  aU  cells,  and 
cytodes  of  animals,  protista,  and  plants/ 


THE  BEGtffNINGS  OF  LIFE. 


condition.  The  external  form  is  quite  insular,  con- 
tinually dianging,  globularly  contracted  when  at  rest. 
Out  sharpest  discrimination  can  detect  no  trace  of  an 
internal  structure,  or  of  a  formation  from  dissimilar 
parts.  As  the  homogeneous  albuminous  mass  of  the 
body  of  the  Moner  does  not  even  exhibit  a  differen- 
tiatipn  into  an  inner  nucleus  and  an  outer  plasma, 
and  as,  moreover,  the  whole  body  consists  of  a  homo- 


F».  3.    Representitivn  of  Hsecltd'a  groQp  Mtmtra. 

a.  Host  minnte  specka  of  protoplasm  from  fine  suilace  mud  of  fresh- 
wmter  ponds,  Hendon.  (  x  Soo.) 

t.  Prelmmaio  fntmtiva  (Haediel).  Two  individuals  resulting  from 
*  recent  fission. 

t.  VampyriUa  ftudtile  (Ciffikowski). 

d.  Amaba  porrtoa  (Max  Schuliie).    Thia  is  really  a  PraUmnba. 

t.  Pralomyaa  atinniliaca  (HRCckel)  developed  into  a  '  Plasmodium,'  either 
bom  the  simple  increase  of  a  single  amnba-like  germ  ur  by  the 
union  of  sereral  originally  distinct  individuals.  A  devoured  lubmia 
and  a  ffawUuta  are  visible  in  the  homogeneous  parenchyma  of  the 
latcode  ;  also  numerous  vacuoles,    (ft,  t,  d,  and  <  ■  1  )0.) 

gencous  plasma,  or  protoplasma,  the   organic   matter 
here  does  not  even  reach  the  importance  of  the  simplest 
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cell.  It  remains  in  the  lowest  imaginable  grade  of 
organic  individuality/  Professer  Haeckel  afterwards 
says: — ^The  Monera  are  indeed  Protista.  They  are 
neither  animals  nor  plants.  They  are  organisms  of 
the  most  primitive  kind:  among  whidi  the  distinc- 
tion between  animals  and  plants  does  not  yet  exist 
But  the  term  ^^ organism"  itself  seems  scarcely  ^ 
plicable  to  these  simplest  forms  of  life;  for  in  the 
whole  conception  of  the  ^^ organism^  is  especially 
implied  the  construction  of  the  whole  from  dis^ 
similar  parts, — from  organs  or  limbs.  At  least,  two 
separate  parts  must  be  united  to  complete  the  descrip- 
tion of  a  body  as  an  organism  in  this  original  sense. 
Every  true  Amoeba,  every  true  (i.  e.  nucleus-including) 
animal  and  vegetable  cell,  every  animal-egg,  is,  in  this 
sense^  already  an  elementary  organism,  composed  of 
two  different  organs,  the  inner  nucleus  and  the  outer 
cell-matter  (Plasma  or  Protoplasma).  Compared  with 
these  last  the  Monera  are  strictly  ^  organisms  without 
organs/'  Only  in  a  physiological  sense  can  we  still 
call  them  organisms ;  as  individual  portions  of  organic 
matter,  which  fulfil  the  essential  life-functions  of  all 
organisms,  nourishment,  growth,  and  reproduction.  But 
all  these  different  functions  are  not  yet  limited  to  dif- 
ferent parts.  They  are  all,  still,  executed  equally  by 
every  part  of  the  body  ^! 

^  Prof.  Haeckel  then  continues : — *  If  the  natural  history  of  the 
Monera  is  already,  on  these  grounds,  of  the  highest  interest  as  well  for 
morphology  as  for  physiology,  this  interest  will  be  still  more  increased 
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One  of  the  most  rudimentaiy,  and  at  the  same  time 
the  first  member  of  this  group  observed  by  Prof.  Haeckel, 
he  named  Fr^mmm^a  frhmtiva.    <I   observed   it,'   he 
sayS)  <ibr  the  first  time  at  Jena,  in  the  summer  of  1863, 
in  water  whidi  I  had  brought  from  a  small  pond  in  the 
Tautenbuig  forest  (opposite  Domburg,  on  the  right 
bank  of  the  Saal).    The  bottom  of  this  shallow  little 
pond  is  thickly  covered  with  fEillen  decayed  beech- 
leaves^  and  in  the  fine  brown  mud,  among  the  decayed 
leaves^  I  found  the  little  Protamoeba.'    It  was  a  minute 
plasma-ball,  perfectly  homogeneous,  rather  more  than 
tAit  of  an  inch  in  diameter,  which  moved  with  extreme 
slowness,  and  also  changed  its  form   as  slowly,  by 
nieans  of  alternate  protrusions  and  retractions  of  bluntly 
rounded  portions  of  its  body-mass.    The  whole  sub- 
stance of  Frotmmmia  frhmtiva  is  absolutely  structureless 
and  homogeneous.  At  one  time  it  will  multiply  itself  by 
a  process  of  fission,  whilst,  at  another  time,  individuals 


by  the  extraordinary  importance  which  these  very  simple  organisms 
poisess  for  the  important  doctrine  of  spontaneous  generation  or  arche- 
goay.    I  have  shown  in  my  **  General  Morphology "  that  the  accepta- 
tion of  a  genuine  archegony  (once  or  repeated)  has  at  present  become 
a  logical  fotiidaii  qftdmtifie  natural  bistory.    Most  naturalists  who  have 
diicosscd  this  question  rationally  believed  that  they  must  designate 
simple  cells  as  the  simplest  organism  produced  thereby,  from  which 
all  others  developed  themselves.    But  every  true  cell  already  shows 
a  division  into  two  different  parts,  i.e.  nucleus  and  plasma.    The  imme- 
diate production  of  such  an  object  from  spontaneous  generation  is 
obviously  only  conceivable  with  difficulty;  but  it  is  much  easier  to 
conceive  of  the  production  of  an  entirely  homogeneous,  organic  sub- 
stance, such  as  the  structureless  albumen  body  of  the  Monera.* 
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originally  separate  coming  into  contact  accident- 
ally, unite  or  fuse  together  into  a  single  individual. 
The  blunt  projections  of  its  body-mass,  by  means  of 
which  it  is  continually  varying  in  form,  contrast  notably 
with  the  fine  thread-like  prolongations,  occasionally 
interlacing,  which  are  thrown  out  from  Max  Schultze's 
nearly  allied  Amaha  porrecta.  These  latter  projections, 
OT  pseudopodise^  as  they  have  been  termed,  closely  resemble 
those  met  with  in  the  shelled-amcebx  or  Foramintfera  ^. 
But  even  in  1857  an  organism  was  procured  from 
great  depths  in  the  Atlantic  Ocean  by  Captain 
Dayman,  which  ought,  apparently,  to  be  placed  in 
this  same  group  Mmera.  This  and  other  products  of 
Captain  Dayman's  expedition  were  examined  by  Pro- 
fessor Huxley,  and  since  the  publication  of  HaeckeFs 
Memoir,  he  has  proposed  to  look  upon  this  organism 
as  a  ^Moner,'  placing  it  in  a  new  genus  Bathjbku. 
Recent  expeditions  and  fresh  investigations  have  tended 


^  Speaking  of  this  animal,  the  Amoeba  porreeia.  Max  Schultze  says : — 
*  It  sends  out  from  its  colourless  body,  on  all  sides,  numerous  fibrous 
processes,  short  and  broad  on  their  first  extrusion,  but  which  gradually 
elongate  until  they  exceed  the  diameter  of  the  body  eight  or  ten  times. 
and  taper  to  such  fine  extremities  that  a  magnifying  power  of  400  dia- 
meters is  needed  to  distinguish  them.  The  figure  and  extension  of  the 
body  change  every  moment,  according  to  the  side  in  which  the  ramifica- 
tions are  extended.  If  two  or  more  of  the  filiform  processes  touch, 
a  coalescence  takes  place,  and  broader  plates  or  net-like  interlacements 
are  produced,  which,  in  the  continual  changes  of  figure,  are  either  taken 
up  again  into  the  general  mass,  or  otherwise  are  further  increased  by 
a  fresh  influx  of  matter,  until  finally  the  entire  body  is  transposed  to 
their  place.' 
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to  throw  a  great  additional  interest  over  this  oceanic 
Moacr,  which,  it  is  now  believed,  must  have  existed 
far  back  in  geologic  time,  and  must  have  played  a 
most  important  part,  by  the  accumulation  of  its  in- 
organic remains,   in  the  formation  of  ancient  chalk 
strata,  just  as  it  is  now  being  instrumental  in  the  de- 
position of  another  chalk  stratum  in  the  bottom  of  our 
great  Atlantic  Oceans    Captain  Dayman  was  much 

*  Rdbring  to  this  subject  in  an  interesting  lecture  *  On  a  Piece  of 
Cblk'CMacmillan's  Mag/  Sep.  1868.  p.  399).  Prof.  Huxley  says:— 
'Tie  result  of  all  these  operations  is  that  we  know  the  contours  and 
utue  of  the  surface-soil  covered  by  the  North  Atlantic  for  a  distance 
of 'iToo  miles  from  east  to  west,  as  well  as  we  know  that  of  any  part  of 
tbed/y  land.  ...  It  b  a  prodigious  plain— one  of  the  widest  and  most 
even  plains  in  the  world.    If  the  sea  were  drained  off,  you  might  drive 
a  wiggoQ  all  the  way  from  Valentia,  on  the  west  coast  of  Ireland*  to 
Trinity  Bay  in  Newfoundland. . .  .  From  Valentia  the  road  would  lie 
doim  hill  for  about  aoo  miles  to  the  point  at  which  the  bottom  is  now 
offered  by  1,700  fathoms  of  sea  water.    Then  would  come  the  central 
piiin  more  than  a  thousand  miles  wide,  the  inequalities  of  the  surface  of 
whidi  would  be  hardly  perceptible,  though  the  depth  of  water  upon  it 
now  varies  from  10,000  to  15,000  feet;  and  there  are  places  in  which 
Mont  Blanc  might  be  sunk  without  showing  its  peak  above  water. 
fieyood  this,  the  ascent  on  the  American  side  commences,  and  gradually 
leads,  for  about  300  miles,  to  the  Newfoundland  shore.  . .  .  Almost  the 
whole  of  the  bottom  of  this  central  plain  (which  extends  for  many 
hnndred  miles  in  a  north  and  south  direction)  is  covered  by  a  fine  mud, 
which,  when  brought  to  the  surface,  dries  into  a  greyish-white,  friable 
substance.    You  can  write  with  this  on  a  black  board,  if  you  are  so 
inclined,  and  to  the  eye  it  is  quite  like  very  soft,  greyish  chalk.  Examined 
chemically,  it  proves  to  be  composed  almost  wholly  of  carbonate  of  lime ; 
and  if  you  make  a  section  of  it  in  the  same  way  as  that  of  the  piece  of 
chalk  was  made,  and  view  it  with  the  microscope,  it  presents  innume- 
rable Olobigtrina,  embedded  in  a  granular  matrix.  . . .  Thus  this  deep 
sea  mud  is  substantially  chalk.    I  say  substantially,  because  there  are 
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Struck  with  the  sticky,  viscid  character  of  the  mud  from 
great  depths,  and  thus  speaks  of  it  in  his  Report^ : — 
'  Between  the  15th  and  45th  degrees  of  west  longitude 
lies  the  deepest  part  of  the  ocean,  the  bottom  of  whidi 
is  almost  wholly  composed  of  the  same  kind  of  soft 
mealy  substance,  which,  for  want  of  a  better  name, 
I  have  called  ooze.  This  substance  is  remarkably 
sticky,  having  been  found  to  adhere  to  the  sounding-rod 
and  line  (as  has  been  stated  above),  through  its  passage 
from  the  bottom  to  the  surface,  in  some  instances  from 
a  depth  of  more  than  2000  fathoms/  This  is  the 
character  of  the  mud  in  the  warm  area  of  the  ocean, 
though  the  more  recent  expeditions  of  Dr.  Carpenter 
and  Professor  Wyville  Thompson  have  shown  that  the 
character  of  the  bottom  is  totally  different  in  the  cold 
portion  of  the  strait  between  the  Faroe  and  the  Shet- 
land Islands — in  that  part  over  which  flows  the  down- 
current  from  the  Arctic  basin.  Referring  to  Captain 
Dayman's  description,  Professor  Huxley  says  * : — <  This 
stickiness  of  the  deep  sea  mud  arises,  I  suppose,  from 
the  circumstance  that,  in  addition  to  the  GloUgerhut 
of  all  sizes  which  are  its  chief  constituents,  it  contains 
innumerable  lumps  of  a  transparent,  gelatinous  sub- 
stance.   These  lumps  are  of  all  sizes,  from  patches 

a  good  many  minor  difTerences.'  For  farther  information  on  this  most 
interesting  subject  we  must  refer  the  reader  to  the  Lecture  itself. 

^  *  Deep-Sea  Soundings  in  the  North  Atlantic  Ocean/  1858. 

'  On  some  Organisms  living  at  great  Depths  in  the  North  Atlantic 
Ocean,  'Quarterly  Journal  of  Microscopical  Science/  October,  1868, 
p.  105. 
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▼isible  with  the  naked  eye  to  excessively  minute  par- 
tides.  When  one  of  these  is  submitted  to  microsco- 
pical analysis  it  exhibits — imbedded  in  a  transparent, 
colourless,  and  structureless  matrix — granules,  cocoliths, 
and  foreign  particles  V 

But  those  who  wish  to  make  themselves  acquainted 
with  the  FrvtMmmtsi^  need  not  seek  for  them  only  in  < 
comparatively  inaccessible  regions.  They  are  in  reality 
oommon  in  the  fine  surface  mud  of  many  of  our  fresh- 
water ponds,  and  may  easily  be  detected  by  the  skilled 
niicroscopist  when  once  he  has  familiarized  himself 
with  their  appearance.  We  have  lately  detected,  in 
niaterial  taken  from  such  situations,  organisms  similar 
io  kind  though  much  more  minute  than  the  Frotamaha 

'  One  of  the  most  interesting  subjects  attaching  to  these  lower  organ- 

ttmsof  the  Protistic  kingdom,  is  the  enquiry  as  to  how  they  are  nourished 

—whether,  like  plants,  they  live  upon  inorganic  elements  abstracted  from 

Adr  enYironment,  or^  like  animals,  upon  organic  substances  already 

ehborated.    Dr.  Wallich  has  strongly  maintained  the  former  view  in 

oppootion  to  Dr.   Carpenter's   opinions    that  the   Foramimftra   are 

aomished  after  the  fiishion  of  animals.    In  these  and  in  similar  low 

ooeuiic  ofgaaisms  he  has  frequently  expressed  his  belief  that '  nutrition 

iiiffBGled  by  aWfti/  od  which  enables  the  organism  to  extract  hydrogen, 

oxygen,  cvbcm,  utecigeu,  and  liiiie  £rom  the  surrounding  medium,  and 

to  convert  these  ingredients  into  laroode  and  shell  material.*   (*  Monthly 

Mamuyyical  Journal,'  Jamiary  i,  1869.)  This  elimination  of  inorganic 

eiemcDts,  and  teir  conversion  into  protoplasm.  Dr.  Wallich  believes  to 

be  dependent  npon  '  a  special  vital  force  inherent  in  the  protoplasmic 

itself,  and  diffused,  in  all  probability,  throughout  its  substance.'   In 

of  this  hypothesis,  or  of  certain  modifications  thereof,  concerning 

Protistic  life,  it  is  most  interesting  for  us  to  learn,  from  the  analyses 

of  Dr.  Frankland,  that  a  large  quantity  of  nitrogen,  both  free  and 

combined,  exists  in  the  water  cf  the  Atlantic  Ocean. 
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frtmttiva  of  Prof.  Haeckel.  These  have  presented  them- 
selves in  the  form  of  minute  irregularly-shaped,  almost 
transparent  specks  of  homogeneous  jelly,  about  tq-^'' 
in  diameter.  They  seldom  showed  even  a  vacuole  in 
their  interior.  They  underwent  slow,  though  obvious 
changes  in  form ;  and  they  exhibited  slight  to-and-fro, 
cr  somewhat  jerkingly-progressive  movements.  Essen- 
tially similar  organisms  will,  in  all  probability,  hcre^ 
after  be  found  to  be  most  widely  distributed.  They 
are,  in  almost  every  respect,  similar  to  the  minute  jelly- 
specks,  which  we  shall  afterwards  find  making  their  ap- 
pearance in  previously  homogeneous  organic  solutions; 
and  they  are,  we  believe,  thoroughly  primordial  organ- 
isms, capable  of  originating  de  novo  in  organic  solutions. 
Concerning  this  part  of  our  subject,  however,  we  shall 
have  more  to  say  hereafter. 

This  then  is  the  material  which  was  spoken  of  by 
Professor  Huxley^  as  'The  Physical  Basis  of  Life;'  and 
the  upholders  of  the  Protoplasm  or  Sarcode  theory  main- 
tain that  this  substance  has  an  essential  unity  of  nature. 
So  that,  in  spite  of  minute  specific  and  isomeric  dif- 
ferences, we  have  in  reality  to  do  with  one  and  the  same 
generic  substance,  whether  existing  as  the  '  contents'  of 
animal  and  vegetable  cells,  or  as  naked  masses  of  proto- 
plasm— whether  as  parts  of  higher  organisms,  or  as  single 
independent  beings  such  as  we  have  just  been  de- 
scribing.   The  belief  that  all  these  various  forms  are  but 

*  •  Fortnightly  Review/  1869. 
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trifling  alterations  of  a  single  genus  of  primitive  organ- 
izabk  materia],  and  that  in  all  cases  this  ^albuminous 
material  is  the  original  active  substratum  of  all  vital 
piKiiomena,  may/  says  Professor  Haeckel, '  perhaps  be 
considered  one  of  the  greatest  achievements  of  modern 
Wology,  and  one  of  the  richest  in  results/ 

Protoplasm  then,  in  its  most  general  and  undifferen- 
tiated condition,  in  the  form  of  a  naked  contractile 
JMss  of  seemingly  homogeneous  jelly,  is  the  substratum 
for  all  the  life-movements  of  the  lowest  living  things, 
fvcn  in  their  adult  condition.     A  structureless  mass 
rf  jelly  suffices  for  the  display  of  all  the  vital  phe- 
nomena of  the  lowest  organisms.    Here,  without  the 
^  of  organs  of  any  kind,  are  carried  on  the  vital 
phenomena  of  ^growth'  and  ^reproduction/  here  do 
we  see  the  first  germs  of  that  organic  irritability  and 
contractility  which  attain  their  highest  development  in 
the  conscious  sensibility  and  power  of  movement  pos- 
sessed by  those  living  things  which  stand  at  the  head 
rafter  than  at  the  foot  of  organic  nature.    Here  does 
that  which  has  what  we  call  Life  approximate  most 
closely  to  that  which  has  no  Life :  and  who  will  venture 
to  draw  a  rigid  line  which  is  to  separate  these  two 
categories  fix)m  one  another?    As  we  have  said  before, 
the  theory  of  evolution  knows  nothing  of  ^  absolute 
commencements  5*  rather,  as  Mr.  Herbert  Spencer  puts 
it,  *  every  kind  of  being  is  conceived  as  a  product 
of  modifications  wrought  by  insensible  gradations  on 
a  pre-existing  kind  of  being.'    We  must  not,  therefore. 
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look  for  an  absolute  barrier  between  the  Living  and 
the  not-living.  We  know  nothing  of  an  absolute  com- 
mencement of  Life ;  we  may  know  some  of  the  lowest 
living  things,  as  mere  specks  of  almost  inconceivable 
smallness,  barely  perceptible  even  by  our  highest  micro- 
scopic powers — but  these  are  even  then  living  organic 
units.  We  cannot,  however,  penetrate  further — who 
can  describe  the  primordial  collocations?  However 
much  we  may  wish  it,  we  cannot  be  present  at  the 
genesis  of  Life — the  veil  is  still  there.  The  gradual 
transition  from  the  not-living  to  the  Living  is  still 
hidden  from  our  view,  and  so,  perhaps,  it  may  ever 
remain. 


CHAPTER  IV. 

UUnOKS  OF  AKUAL,   VBOKTABLE,   AND   MINKRAL   KINGDOMS. 
I  THIORIES  or  ORGANIZATION. 

I        . 

*^  two  higher  Organic  Kingdoms.    Relations  of  Plants  and  Animals 

to  one  another,  and  to  Air,  Earth,  and  Water.    Plants  produce  and 
Attnttk  consume  organic  matter.    Plants  derive  Carbon  from  the 
^.    Illustrations  from  past  succession  of  Life  on  our  globe. 
Nature's  Cycle.    Plants  continually  producing  Living  Matter  from 
inoi]pmc  materials, 
^'^oiiei  of  Organization.    Cells.    Doctrines  of  Schleiden  and  Schwann, 
^^iews  of  Goodsir.    Virchow's  Cellular  doctrines.     Modifications  of 
^iews  concerning  the  Cell  and  its  powers.    These  necessitated  by 
oor  knowledge  of  the  Protitta.    Cells  and  Plastides.     Dr.  Beale's 
Views  concerning  Germinal  matter  and  *  Formed  material.*    Prof. 
Huxley's  opposition  to  Cellular  Theories.    Dr.  Hughes  Bennett's 
*  Molecular  Theory  of  Organization.'    Doctrine  now  maintained  by 
very  many  Physiologists.    This  in  harmony  with  Evolution  Hypo- 
thesis.   Reason  why  Cells  are  so  common  as  morphological  units. 
Do  they  arise  de  novo  in  blastemata  ? 

LEAVING  now  for  a  time  the  consideration  of 
-^  the  nature  of  the  lowest  known  forms  of  Life, 
^*^d  all  speculations  as  to  the  mode  of  evolution  of 
^ose  combinations  of  matter  and  motion  out  of  which, 
^y  the  most  insensible  gradations,  they  have  gradually 
*^n,  it  will  be  desirable  to  turn  our  attention  to  the 
'Mutual  relation  of  Plants  and  Animals  to  one  another, 

VOL.  I.  K 
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and  to  those  great  storehouses  of  inorganic  elements— 
earth,  air,  and  water. 

Whatever  be  the  nature  of  the  functions  of  the  lowest 
living  things,  and  their  relations  with  the  environment, 
or  aqueous  medium  in  which  they  alone  exist,  we  find, 
on  coming  to  those  more  definite  organisms  which  can, 
without  room  for  doubt,  be  ranged  under  either  the 
Animal  or  the  Vegetable  Kingdom,  that  the  members 
of  each  great  class  have  functions  definitely  related  to 
one  another  and  to  the  world  of  unorganized  matter. 

Bearing  in  mind  that  the  fundamental  constituents 
of  living  things  are  carbon,  nitrogen,  hydrogen,  and 
oxygen,  we  must  also  remember  that  the  degree  in  which 
other  constituents  (such  as  sulphur  and  phosphorus  with 
various  saline  materials)  enter  into  the  composition  of 
organic  matter,  is  altogether  trifling  when  compared 
with  the  immense  bulk  of  living  tissue  that  is  almost 
solely  built  up  of  these  four  elements  in  their  diverse 
modes  of  combination. 

We  shall  then  be  the  better  able  to  appreciate  the 
doctrine  so  eloquently  expounded  by  the  eminent  French 
chemist,  M.  Dumas,  in  a  work  by  himself  and  M.  Bous- 
singault,  on  ^  The  Chemical  and  Physiological  Balance 
of  Organic  Nature.'  He  calls  attention  again  and  again, 
in  the  most  forcible  language,  to  the  all-important  com- 
plemental  relation  existing  between  the  functions  of 
plants  and  animals.  Plants  in  their  natural  and  healthy 
state  decompose  carbonic  acid  incessantly,  fixing  its 
carbon  and  setting  free  its  oxygen :  similarly  they  de- 
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compose  water,  seizing  upon  its  hydrogen  and  releasing 
its  oxygen^  whilst,  lastly,  they  abstract  nitrogen  either 
directly  from  the  atmosphere,  or  indirectly  from  the 
nitrate  of  ammonia  which,  under  particular  conditions, 
has  been  formed  therein.    Plants,  therefore,  are  mar- 
vellous apparatuses  of  reduction,  working  with  the  aid 
of  the  heat  and  light  derived  from  the  Sun.     But  this  is 
not  alL    The  carbonic  acid,  the  water,  and  the  nitrate 
of  ammonia  are  decompounded,  because  the  carbon,  the 
hydrogen,  and  the  nitrogen  entering  into  their  compo- 
sition, unite  with  oxygen  to  produce  the  various  organic 
substances  entering  into  the  fabric  of  plants.     Reduc- 
tion takes  place,  but  only  that  combinations  of  a  higher 
owicr  may  arise.     Animals,  on  the  contrary,  are  true 
apparatuses   of  combustion:   in   their  bodies   carbon- 
aceous matters  are  burnt  incessantly  during  the  per- 
formance of  animal  functions,  and  are  returned  to  the 
atmosphere    in  the  shape  of  carbonic    acid;   hydro- 
s' burnt   incessantly  is  returned   as   water;   whilst 
lutrogen  is  ceaselessly  exhaled  in  the  breath  and  thrown 
off  in  the  different  excretions^.     ^From  the  animal 


*  This  continiial  process  of  combustion  is  dependent  upon  the  con- 
joint and  reciprocal  action  of  the  respiratory  and  nutritive  functions. 
Throogfa  the  process  of  respiration  the  animal  is  supplied  with  an  all- 
iniportant  dement,  needed  for  the  production  of  such  changes.    Mr. 
^KQoer  says: — ^*The  inorganic  substance,  however,  on  which  mainly 
(lepend  these  metamorphoses  in  organic  matter,  is  not  swallowed  along 
with  the  solid  and  liquid  food,  but  is  absorbed  from  the  surrounding 
mcdimn — air  or  water,  as  the  case  may  be.    Whether  the  tatygen  taken 
in,  either,  as  by  the  lowest  animals,  through  the  general  surface,  or,  as 
by  the  higher  animals,  through  respiratory  organs,  is  the  immediate  cause 

K  2 
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kingdom,  therefore,  as  a  whole/  M.  Dumas  says,  ^car- 
bonic acid,  watery  vapour,  and  azote  or  oxide  of  ammo- 
nium are  continually  escaping — simple  substances  and 
few  in  number,  the  formation  of  which  is  intimately 
connected  with  the  history  of  the  atmosphere  itself:* 
substances,  too,  which  plants  are  continually  needing, 
and  are  as  continually  abstracting  from  the  air.  M. 
Dumas  also  says : — ^  It  is  in  plants,  consequently,  chat 
the  true  laboratory  of  organic  nature  resides ;  carbon, 
hydrogen,  ammonium,  and  water  are  the  elements  they 
work  upon ;  and  woody  fibre,  starch,  gums,  and  sugars, 
on  the  one  hand,  fibrine,  albumen,  caseum^  and  gluten, 
on  the  other,  are  the  products  that  present  themselves 
as  fundamental  in  either  organic  kingdom  of  nature — 
products,  however,  which  are  formed  in  plants^  and  in 

of  those  molecular  changes  that  are  ever  going  on  throughout  the  living 
tissues ;  or  whether  the  oxygen,  playing  the  part  of  scavenger,  merely 
aids  these  changes  by  carrying  away  the  products  of  deoompoMtioB 
otherwise  caused ;  it  remains  equally  true  that  these  changes  are  main- 
tained  by  its  instrumentality.  Whether  the  oxygen  absorbed  and  dif- 
fused through  the  system  effects  a  direct  oxidation  of  the  mrganir  ooUoid 
which  it  permeates ;  or  wfaetber  it  first  leads  to  the  formation  of  simpler 
and  more  oxidized  compounds,  that  are  afterwards  further  oxidized  and 
reduced  to  still  simpler  forms;  matters  not  in  so  far  as  the  general 
result  is  concerned.  In  any  cs«e  it  holds  good,  that  the  substances  of 
which  the  animal  body  is  built  up  enter  it  in  a  but  slightly  oxidized  and 
highly  unstable  state ;  while  the  great  mass  of  them  leave  it  in  A  fully 
oxidized  and  stable  state.  It  follows,  therefore,  that  whatever  the 
special  changes  gone  through,  the  general  process  is  a  falling  from 
a  state  of  unstable  equilibrium,  to  a  state  of  stable  chemical  equilibrium. 
Whether  this  process  be  direct  or  indirect,  the  total  molecular  re- 
arrangement and  the  total  motion  given  out  in  effecting  it  must  be  the 
same.*    ('  Principles  of  Biolog)-,'  vol.  i.  p.  34.) 
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//»//  9nlj^  ^mi  merely  it ttnsf erred  by  digest im  to  the  Mies 
^mmeU! 

Thuswc  find  that  the  vegetable  world  is  the  great 
originator  and  source  of  that  pabulum  which  is  necessary 
for  the  existence  of  animals.     Plants  are  the  active 
agents  ever  ministering  to  the  wants  of  animals.  They, 
in  feshioning  their   own  structures,   are    continually 
giving  birth  to  organic  substances  which  are  to  consti- 
tute the  materials  necessary  for  the  maintenance  of 
animal  life.    Animals,  as  a  rule,  are  powerless  for  the 
creation  of  organic  matter  *  j  they  can  assimilate  and 
nnxiify  the  organic  substances  which  have  been  built 
up  for  them  in  the  tissues  of  plants;  but  they  cannot 
abstract  from  earth,  air,  and  water  the  elementary  con- 
stituents of  organic  matter,  and  force  them  to  enter 
into  such   and   such    combinations.     They   use    the 
'Oaterials   which   have   been   elaborated   for   them   by 
plants,  since  they  all  feed  either  directly  upon  members 
of  the  vegetable  kingdom,  or  else  indirectly  by  living 
''pon  animals  which  have  been  so  nourished^  Plants,  then, 
are  the  great  factors  of  organic  matter — the  vegetable 


^ '  Animals  assimilate  or  absorb  the  organic  substances  which  plants 
itie  formed.     They  alter  them  by  degrees ;  they  destroy  or  decom- 
pound them.     New  organic  substances  may  arise  in  their  tissues,  in 
tbdr  vessels ;  bat  these  are  always  substances  of  greater  simplicity, 
more  akm  to  the  elementary  state  than  those  they  had  received.    They 
decompose,  then,  by  degrees  the  organic  matters  created  by  plants. 
They  bring  them  back  by  degrees  towards  the  state  of  carbonic  acid, 
water,  azote,  and  ammonia,  a  state  which  admits  of  their  ready  resto- 
ration  to  the  air.'    Dumas,  loc.  dt.  p.  48. 
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kingdom  is  nature's  laboratory,  within  whose 

precincts    dead   brute  matter    is    coerced  into 

elevated  and  complex  modes  of  being,  and  is  m 

display  those  more  subtle  characteristics  which  i 

in  living  tissues.    Using  only  the  great  forces  of 

— availing  themselves  only  of  the  subtle  motion 

nating  from  the  Sun  under  the  names  of  heat,  lig] 

actinism — plants  compel  carbonic  acid  to  yield 

carbon,  water  its  fiydrogen,  and  nitrate  of  ammo 

nitrogen^    and,  at   the   same   time,  these   sej 

elements,  with  some  of  the  retained  oxygen  \  a 

further  forced  by  an  accumulation  of  these  mysi 

impacts  to  enter  into  combinations  of  a  higher  oi 

M.  Dumas,  speaking  of  the  sources  whence  a 

rived  the  ammonia  and  the  nitric  acid  used  a 

by  plants,  says : — '  They  are,  in  fact,  produced  up 

grand  scale  by  the  action  of  those  magnificent  e 

sparks  which  dart  from  the  storm-cloud,  and  ftirr 

vast  fields  of  air,  engender  in  their  course  the  i 

of  ammonia,  which  analysis  discovers  in  the  tl: 

shower.    .    .    .   As  it  is  from  the  mouths  of  vole 

then,  whose  convulsions  so  often  make  the  crust  < 

globe  to  tremble,  that  the  principal  food  of  plant 

bonic  acid,  is  incessantly  poured  out ;  so  is  it  fro 

'  Dumas  says  (*  Lee.  de  Philosophic  Chimique/  p.  loo,  Paris, 
•  These  are  the  four  bodies,  in  fact,  which,  becoming  animated  at 
of  the  sun,  the  true  torch  of  Prometheus,  approve  themselve 
the  earth,  the  eternal  agents  of  organization,  of  sensation,  of  : 
and  of  thought/ 
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atmosphere  on  fire  with  lightnings^  from  the  bosom  of 
the  tempest,  that  the  second  and  scarcely  less  indis- 
pensable aliment  of  plants,  nitrate  of  ammonia,  is 
showered  down  for  their  behoof/  Thus  the  air  is  the 
great  storehouse  for  the  pabulum  of  plants,  so  that,  look- 
ing at  the  subject,  as  M.  Dumas  says,  ^  from  the  loftiest 
point  of  view,  and  in  connection  with  the  physics  of 
the  globe,  it  would  be  imperative  on  us  to  say  that,  in 
so  far  as  their  truly  organic  elements  are  concerned, 
plants  and  animals  are  the  offsfring  cfthe  ah.* 

It  mi^t  be  thought  that  plants  derive  the  principal 
part  of  the  ingredients  with  which  they  build  up  their 
0^  structures  from  the  soil ;  but  the  experiments  of 
M*  Boussingault  have  long  since  disproved  this  formerly 
&voured  assumption.      He  found  that  peas  sown  in 
pwe  sand,  moistened  with  distilled  water,  and  fed  by 
the  air  alone,  nevertheless  found  in  this  air  all  the  car- 
bon necessary  for  their  development,  flowering,  and 
'nictiiication.    Carbon  is  the  most  fundamental  ingre- 
client  of  the  vegetable   kingdom;   all  plants  fix  this 
substance,  and  all  obtain  it  from  carbonic  acid— either 
abstracting  it  directly  from  the  air  by  their  leaves,  or 
obtaining  it  through  their  rootlets.     In  the  latter  case 
they  may  obtain  it  from  rains  which  have  fallen  to  the 
earth  impregnated  with  the  carbonic  acid  of  the  atmo- 
S[^e,  or  else  they  procure  it  from  that  which  is 
liberated  by  the  gradual  decomposition  of  organic  par- 
ticles in  the  soil.   But  that  the  air  is  the  great  storehouse 
whence,  cither  mediately  or  immediately,  plants  procure 
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their  carbon,  is  rendered  more  and  mart  obvious 
by  the  consideration  of  such  facts  as  those  to 
Schleiden  refers  when  he  says  ^ : — ^  From  forests 
tained  in  good  condition  we  annually  obtain 
4000  lbs.  of  dry  wood  per  acre,  which  contains 
1000  lbs.  of  carbon.    But  we  do  not  manure  th 
of  the  forests,  and  its  supply  of  humus,  far  from 
exhausted,  increases  considerably  from  year  to 
owing  to  the  breakage  by  wind  and  the  fall  of  thi 
The  haymaker  of  Switzerland  and  the  Tyrol  mo^ 
definite  amount  of  grass  every  year  on  the  Alps,  in; 
sible  to  cattle,  and  gives  not  back  the  smallest  qu 
of  organic  substance  to  the  soil.     Whence  come 
hay  if  not  from  the  atmosphere  ?    The  plant  re 
carbon  and  nitrogen,  and  in  the  woods  and  on  th( 
Alps  there   is   no  possibility  of   its  acquiring 
matters  save  from  the  ammonia  and  carbonic  a 
the  atmosphere.' 

How  important  such  fects  as  these  are  in  thn 
light  upon  the  past  history  of  our  globe,  whc 
attempt  to  study  it  with  the  aid  of  those 
preserved  as  fossil  plants  and  animals^  and 
tributed  through  the  various  successive  strata 
crust,  the  palaeontologists  are  best  entitled  to  i 
us.  M.  Ad.  Brongniart,  one  of  the  most  abl< 
eloquent  of  these,  even  so  long  ago  as  the  year 
announced,  before  the  Academy  of  Sciences,  th 

>  *  Biography  of  a  Plant.' 
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lowing  broad  views  concerning  the  succession  of  Life 
oDtheearth^: — 

*Wc  know,  in  fact,  that  in  the  strata  of  older  date 
than,  or  of  the  same  epoch  as,  the  coal  formations,  there 
are  no  remains  of  any  terrestrial  animal,  whilst  at  this 
cpodi  y^etation  had  already  made  great  progress,  and 
was  composed  of  plants  as  remarkable  for  their  forms 
»  for  their  gigantic  stature.  At  a  later  period  ter- 
restrial v^etation  loses  in  a  great  measure  the  signal 
vigour  which  it  formerly  possessed,  and  cold-blooded 
vertebrate  animals  become  extremely  numerous:  this 
is  what  is  observed  during  the  third  period. 

'Subsequently,  plants  become  more  varied,  more  per- 
fect; but  the  analogues  of  those  that  existed  originally 
^  reduced  to  a  vastly  smaller  stature;  this  is  the 
9och  of  the  appearance  of  the  most  perfect  animals, 
of  animals  breathing  air,  of  mammalia,  and  birds. 

'Is  there  no  means  of  discovering  some  cause  adequate 
to  explain  in  a  natural  way  this  vast  development,  this 
^rous  growth  of  plants  breathing  air,  even  from  the 
'^t  remote  epochs  in  the  formation  of  the  globe  ? 
And,  on  the  other  hand,  of  the  appearance  of  warm- 
blooded animals,  that  is  to  say,  of  animals  whose  aerial 
'^iration  is  most  active  in  the  last  periods  of  its 
'Wmation  only  ?    May  not  this  difference  in  the  epoch 
V  the  appearance  of  these  two  classes  of  beings  depend 
On  the  difference   in  their  mode  of  respiration,  and 

*  Quoted  in  Dnmas  and  Bonssingault's  *  Chemical  and  Physiological 
Balance  of  Organic  Nature.' 
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of  the  circumstances  in  the  state  of  the  atmosphere 
calculated  to  favour  the  development  of  one  and  tc 
oppose  that  of  the  other  ? 

'  Under  what  form  at  the  epoch  of  the  creation  d 
organized  beings  did  the  whole  of  the  carbon  exist 
which  these  beings  subsequently  absorbed^  and  which 
is  now  buried  with  their  spoils  in  the  bosom  of  the 
earth,  or  which  is  still  met  with  distributed  among 
the  infinite  multitude  of  organized  beings  that  actually 
cover  the  face  of  our  globe  ? 

'  It  is  obvious  that  animals  derive  carbon  neithei 
from  the  atmosphere  nor  the  soil,  but  exclusively  from 
their  food. 

'  We  cannot  conceive  how  plants  could  have  assimi- 
lated this  carbon  had  it  been  in  the  solid  state ;  and 
moreover,  in  the  formations  older  than  those  that 
include  the  first  remains  of  vegetables,  we  scarcel) 
encounter  any  traces  of  carbon. 

'This  carbon,  then,  which  the  vegetables  of  the 
primitive  world,  and  those  of  the  subsequent  and 
present  world,  absorbed,  must  necessarily  have  existed 
in  a  shape  proper  to  furnish  them  with  nutriment: 
and  we  only  know  of  two — ^humus  or  vegetable  mould, 
which,  resulting  itself  from  the  decomposition  of  othei 
vegetables,  would  lead  us  into  a  vicious  circle,  and 
carbonic  acid,  which,  decomposed  by  the  leafage  oi 
vegetables  under  the  influence  of  solar  light,  deposits 
its  carbon,  and  so  serves  for  their  growth. 

'  It  appears  to  me  impossible,  therefore,  to  suppose 
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that  vegetables  can  have  derived  from  any  other  source 
than  the  atmosphere,  and  in  the  state  of  carbonic  acid, 
the  carbon  which  is  found  in  all  existing  species  of 
plants  and  animals,  as  well  as  that  which,  after  having 
served  the  vast  primeval  forests  for  sustenance,  has 
been  deposited,  under  the  form  of  coal,  lignite,  and 
bitumen,  in  the  different  sedimentary  strata  of  the 
earth.  If  we  suppose,  then,  that  the  whole  of  this 
carbon  was  diffused  through  the  atmosphere  in  the 
shape  of  carbonic  acid  prior  to  the  creation  of  organ- 
ized beings,  we  shall  see  that  the  atmosphere,  instead 
of  containing  less  than  the  one-thousandth  part  of  its 
bulk  of  carbonic  acid  as  at  present,  must  have  con- 
tained a  quantity  which  it  is  not  easy  to  estimate 
«actly,  but  which  was  perhaps  in  the  proportion  of 
3)  4, 5,  6,  and  even  8  per  cent/ 

But  the  experiments  of  M.  Saussure  have  shown  that 

^  a  super-abundance  of  carbonic  acid   in  the  at- 

'JiosjAere,  far  from  being  detrimental,   is  positively 

fevourable  to  the  life  of  plants  when  they  are  at  the 

s^nie  time  exposed  to  the  influence  of  the  solar  light 

^  heat.      So  that,  as  M.  Brongniart  says, — 'This 

'^ghly  probable  difference  in  the  constitution  of  the 

atmosphere  may,  therefore,  be  regarded  as  one  of  the 

causes  influencing  most  powerftilly  the  more  active  and 

^ery  remarkable  vegetation  of  the  first  organic  period 

Qf  our  globed 

*  '  But  this  same  drcamstance  must,  on  the  contrary,  have  interfered 
'^terially  with  the  decomposition  of  the  remains  of  dead  vegetables 
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^On  the  other  hand,  this  difference  in  the  com- 
position of  the  atmosphere,  so  favourable  to  the  de- 
velopment, growth,  and  preservation  of  vegetable 
matter,  must  have  proved  a  bar  to  the  existence  of 
animals,  particularly  of  warm-blooded  animals,  whos: 
respiration,  as  it  is  more  active,  also  requires  a  purer 
air :  during  this  first  period,  consequently,  not  a  single 
animal  breathing  air  appears  to  have  existed. 

^  During  this  period  the  atmosphere  must  have  been 
purged  of  some  portion  of  the  excess  of  carbonic  aci< 
which  it  contained,  by  the  vegetables  which  then  existed 
these  assimilated  it  first,  and  subsequently  buried  it  i^ 
the  state  of  coal  in  the  bowels  of  the  earth.  It  is  aftc 
this  first  period,  in  the  course  of  our  second  and  thir 
periods,  that  this  immense  variety  of  monstrous  reptile 
makes  its  appearance,  animals  which,  by  the  nature  c 
their  respiration,  are  capable  of  living  in  an  atmospher 
of  much  less  purity  than  that  which  warm-bloodr 
animals  require,  and  were  the  heralds  and  precursor 
of  these. 

'Vegetables    continued    incessantly   to    abstract 
portion  of  the  carbon  of  the  air,  and   thus  rendere 


and  their  transformation  into  soil;  for  this  kind  of  decompositioQ 
owing  essentially  to  the  abstraction  of  a  portion  of  the  carbon  of  tl 
wood  by  the  oxygen  of  the  air :  and  if  the  atmosphere  contained  le 
oxygen  and  more  carbonic  acid,  the  decomposition  in  question  mil 
have  been  without  doubt  both  more  difficult  and  slower.  Hence  tl 
accumulation  of  vegetable  debris  in  extensive  beds,  even  in  circumstano 
and  from  vegetables  which,  in  the  actual  state  of  the  atmosphere,  wou 
give  rise  to  no  such  layers  of  combustible  material.* 
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it  every  day  more  pure;  but  it  was  not  till  the  ap- 
pearance of  a  vegetation  altogether  new,  abounding 
in  mi^ty  trees,  the  source  and  origin  of  numerous 
deposits  of  lignite,  a  vegetation  which  seems  to  have 
covered  the  surface  of  the  earth  with  vast  forests,  that 
a  great  number  of  mammiferous  animals,  analogous  in 
all  the  essential  features  of  their  organization  to  those 
that  still  exist  in  the  world,  appeared  for  the  first  time 
upon  its  surface. 

^  Would  it  not  be  fair  to  suppose  from  this,  that  our 
atmosphere  had  now  arrived  at  that  degree  of  purity 
^hid  could  alone  comport  with  the  active  respiration 
of  warm-blooded  animals,  and  prove  alike  favourable 
to  the  development  of  plants  and  animals,  whilst  the 
simultaneous  existence  of  these  two  orders  of  beings, 
^  the  inverse  influence  of  their  respiratory  actions, 
^ucc  to  maintain  our  atmosphere  in  the  state  of 
stability  whidi  is  one  of  the  remarkable  characters  of 
*c  present  period  ?* 

Such,  then,  is  the  mighty  round  of  things,  such  are 
^  interchanges  ever  taking  place  on  the  surface  of  our 
jlobc.  The  inorganic  is  continually  being  fashioned  into 
^  organic,  and  this  after  passing  through  successive 
^lisnges,  and  after  having  displayed  the  manifestations 
^  Life,  is  ever  passing  again  into  the  inorganic,  ever 
8*iin  giving  up  its  fashioning  forces.  '  The  crude  and 
^ess  mass  of  the  air  gradually  organized  in  veget- 
bles,  passes  without  change  into  animals,  and  be- 
^mes  the  instrument  of  sensation  and  thought ;  then 
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vanquished  by  this  effort,  and,  as  it  were,  broken,  il 
returns  as  crude  matter  to  the  source  whence  it  hac 
come/  *Thus,*  Dumas  also  says,  *is  the  mysterioui 
circle  of  organic  life  upon  the  surface  of  the  glob 
completed  and  maintained!  The  air  contains  or  eo 
genders  the  oxidized  substances  required  —  carboiu 
acid,  water,  nitric  acid,  and  ammonia.  Vegetables,  tn: 
reducing  apparatus,  seize  upon  the  radicals  of  thes 
carbon,  hydrogen,  azote,  ammonium;  and  with  the 
they  fashion  all  the  variety  of  organic  or  organizab 
matters  which  they  supply  to  animals.  Animals,  agai: 
true  apparatuses  of  combustion,  reproduce  from  the 
carbonic  acid,  water,  oxide  of  ammonium,  and  azot 
or  nitric  acid,  which  return  to  the  air  to  reproduce  tl 
same  phenomena  to  the  end  of  time.' 

Thus  we  see  that  throughout  vast  epochs,  and  eve 
in  the  present  day,  the  Vegetable  Kingdom  has  bee: 
and  now  constitutes,  the  great  laboratory  in  which  tl 
combination  of  dead  inorganic  or  mineral  materials  in 
living  matter  is  continually  taking  place.  We  ha^ 
also  seen  that  animals  have  no  such  direct  power 
elevating  matter  taken  immediately  from  its  inorgan 
sources,  that  they,  on  the  contrary,  avail  themselves 
the  previously  constructive  energies  of  plants,  and  u 
for  the  building  up  of  their  own  tissues  complex  su 
stances  which  have  been  obtained,  more  or  less  directl 
from  the  members  of  the  vegetable  kingdom.  We  ha^ 
next  to  enquire  briefly  into  what  has  been  called  tl 
*  Theory  of  Organization,*  in  order  to  learn  how  far- 
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within  the  tissues  of  plants  and  animals — there  is  at 
present,  and  has  been  taking  place,  a  corresponding 
cvdution  of  living  forms^  or  morphological  units.  This 
enquiry  will  involve  a  consideration  of  the  present 
aspect  of  the  *  Cellular  theory'  of  organization,  and  a 
skctdi  of  the  principal  modifications  which,  of  late 
years,  that  doctrine  has  undergone. 

Facts  arc  still  multiplying  day  by  day  which  tend 
to  show  that  the  elements  of  the  tissues  in  man  and 
in  the  higher  animals  are  possessed  of  an  inherent 
power  and  activity  of  their  own — of  a  separate  indi- 
^fiduality  in  fact,  though  one  which  is  subordinate  to 
the  higher  and  more  complex  individuality  of  the 
organism  to  which  they  belong,  and  as  parts  of  which 
they  have  been  evolved.  Tissue  elements,  such  as 
epithelial  cells^  are  to  a  certain  extent  like  distinct 
organisms.  They  have  a  definite  Life  of  their  own 
•^bnger  or  shorter  according  to  the  situation  in 
which  they  occur,  and  which  is  therefore  very  vari- 
ously related  to  that  of  the  whole  organism.  Their 
uulividuality  of  character  or  function  is,  moreover, 
farther  shown  by  the  power  which  they  possess  of 
selecting  their  own  peculiar  nutritive  elements  out 
of  a  complex  fluid,  or  nutritive  blastema — the  blood — 
c^OQimon  to  all  parts  of  the  organism.  But,  granting 
^  this,  the  question  then  comes  for  consideration  as 
to  whether  we  are  to  look  upon  ^  Cells'  as  the  invariable 
^  ultimate  morphological  units — whether  they  alone 
^  exhibit   those    subordinate    vital    activities   upon 
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which  the  vital  manifestations  of  the  organism 
whole  depend.  On  this  subject  much  diflFerei 
opinion  exists.  Though  we  cannot  go  into  < 
we  will  briefly  consider  the  doctrines  which  have 
principally  advocated. 

An  enormous  impulse  was  given  to  such  enquii 
the  publication,  in  the  year  1839,  of  the  researc 
Schleiden  and  Schwann',  who  endeavoured  to 
that  all  the  tissues  of  both  plants  and  animals 
entirely  built  up  of  morphological  units  called  ^ 
They  believed  that  cells  were  continually  being  pre 
de  novo  in  the  bodies  of  plants  and  animals.  Spc 
on  this  subject  Schwann  said' : — *  The  following  s 
of  universal  application  to  the  formation  of  cells ; 
is  in  the  first  instance  a  structureless  substance  pr 
which  is  sometimes  quite  fluid^  at  others  more  c 
gelatinous.  This  substance  possesses  within  its< 
a  greater  or  less  measure,  according  to  its  chc 
qualities  and  the  degree  of  its  vitality,  a  capac 
occasion  the  production  of  cells.  When  this 
place  the  nucleus  usually  appears  to  be  formed  firs 
then  the  cell  around  it.  The  formation  of  cells  he4 
same  relation  to  organic  nature  that  crystallization  does 
organic.  The  cell  when  once  formed  continues  tc 
by  its  own  individual  powers,  but  is  at  the  same 
directed  by  the  influL'nce  of  the  entire  organism,  ii 

^  *  MicrobC    Researches   into  the  Accordance   in  the  Structi 
Growth  of  Animals  and  Plants.'  Translation  (Sydenham  Society 
^  Loc  cit.  p.  39. 
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nuDcr,  as  the  design  of  the  whole  requires.  This  ts  the 
fandamnital  phenomenoo  of  all  animal  and  vegetable 
lactation.  It  it  sUkt  e^nslly  ctmsistmt  -with  those  itistamcet 
^vUtiymmg  ttUs  tte  farmti  vatbin  pt^e»t  celhy  4U  luith 


Fia.  4. 
Animal  Cells. 
^fhltcDEd  Efnthelinni  celb  from  the  inside  of  the  mouth.  (  x   ifm.") 
B'CDUcdEpitbelhun&om  the  himuui  Trachea;  magnified  350  diame- 
lo,    a.  laaermoil  part  of  the  elastic  longitudinal  fibres,    h.  Ho- 
BHgeneoni  ionennost  layer  of  the  mncoo&  mcinbrBne.    c.  Deepest 
iDmd  cell*,    d.  Middle  elongated  cells,    t.  Much  larger  mper- 
tul  cdls,  bearing  cilia,  and  coataining  nucleolated  nuclei.    (Kiil- 
Oer.) 

**•**  M  vHcb  tht  formatioK  gees  on  outside  of  them.  The 
S^Qeration  of  the  cells  takes  place  in  a  fluid  or  in  a 
^^'Wureless  substanra  in  both  cases  ^    We  will  name 


Ukr  are  most  impoitant  differences  between  these  two  tnodes  of 
*U-Annatimi  dependent  upon  the  nalnre  of  the  material  in  the  midst 
'•  ii\aA  the  new  tinits  arise.    This  will  be  pointed  out  further  on. 
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this  substance  in  which  the  cells  are  formed,  \ 
germinating  material  (Zellenkeimstoff),  or  cytol 
tema.  It  may  be  figuratively,  but  only  figuratii 
compared  to  the  mother-lye  from  which  crystals 
deposited.* 

The  cells  thus  formed  might  remain  isolated^ 
by  the  subsequent  development  and  coalescence  of  1 
walls  in  diflFerent  ways,  they  might  tend  to  pra 
the  various  textures  of  the  plant  or  animal.  All 
tissues  being  thus  either  made  up  of  cells  varic 
aggregated  or  derived  by  a  metamorphic  •  process  i 
cells,  they  maintained  that '  the  cause  of  nutrition 
growth  resides,  not  in  the  organism  as  a  whole,  bu 
the  separate  elementary  parts — the  cells.*  Sch>n 
believed  that  the  *same  process  of  development 
transformation  of  cells  within  a  structureless  subst 
is  repeated  in  the  formation  of  all  the  organs  oi 
organism,  as  well  as  in  the  formation  of  new  or 
isms^*  and  he  thought  that  the  fundamental  phenc 
non  attending  the  exertion  of  productive  powe 
organic  nature  was  always  of  this  kind. 

Shortly  afterwards  Professor  Goodsir^  advanced 
doctrine  that  it  was  not  so  much  the  cells  as  the  ji 
of  the  textures  which  are  the  potential  elementary  j 
of  the  organism,  and  which  therefore  may  be  c 
^centres  of  nutrition.*  In  a  communication  on 
subject  he  said  : — *  The  centre  of  nutrition  with  w 
we  are  most  familiar  is  that  from  which  the  w 

^  '  Anatomical  and  Pathological  Observations,*  1845. 
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sm  derives  its  origin — the  germinal  spot  of  the 
From  this  all  the  other  centres  are  derived, 
mediately  or  immediately,  and   in  directions, 
rs,  and  arrangements,  which  induce  the  configu- 
and  structure  of  the  being.     •     .    •     As  the 
organism  is  formed  at  first,  not  by  simultaneous 
ion  of  its  parts,  but  by  the  successive  develop- 
ed these  from  one  centre,  so  the  various  parts 
ach  from  its  own  centre,  this  being  the  original 
of  all  the  centres  with  which  the  part  is  ulti- 
supplied.    •    .    .    From    this    it   follows,    not 
mt  the  entire  organism,  as  has  been  stated  by 
iors  of  the  cellular  theory,  consists  of  simple  or 
ped  cells,  each  having  a  peculiar  independent 
^,  but  that  there  is,  in  addition,  a  division  of 
lole  into  departments,  each  containing  a  certain 
r  of  simple  or  developed  cells,  all  of  which  hold 
.  relations  to  one  central  or  capital  cell,  around 
they  are  grouped  \    It  would  appear  that  from 
ntral  cell  all  the  other  cells  of  its  department 
their  origin,*     And  then  he  adds  : — ^  Centres 
ition  are  of  two  kinds — those  which  are  peculiar 
textures,  and  those  which  belong  to  the  organs, 
utritive  centres  of  the  textures  are  in  general 
lent.    Those  of  the  organs  are  in  most  instances 
X  to  tiieir  embryonic  stage,  and  either  disappear 
tely  or  break  up  into  the  various  centres  of  the 

i  doctrine  of  *  departments/  doubtless,  suggested  to  Virchow  his 
tion  of  a  similar  conception,  concerning  *  cell  territories.' 

L   2 
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textures  of  which  the  organs  are  composed.  •  .  • 
A  nutritive  centre,  anatomically  considered,  is  merelj 
a  cell,  the  nucleus  of  which  is  the  permanent  source  of 
successive  broods  of  young  cells.' 

But  later  still,  Virchow  announced  ^  views  whidi 
have  had  an  immense  influence  on  pathological  doc- 
trines throughout  all  the  schools  of  medicine,  and 
wherever  biological  studies  have  been  cultivated.  He^ 
too,  maintains  that  ^the  cell  is  really  the  ultimate 
morphological  unit  in  which  there  is  any  manifiestah 
tion  of  life,  and  that  we  must  not  transfer  the  seat  of 
real  action  to  any  point  beyond  the  cell  -•'  But  then  he 
denies  altogether  the  origin  of  cells  de  novo  in  blastc- 
mata  taking  place  after  the  fashion  described  bySchlci- 
dcn.  He  holds  that  cells  can  be  produced  only  from 
or  by  pre-existing  cells.  And,  moreover,  he  does  not 
attempt  to  prove  that  the  whole  bulk  of  the  tissues  is 
made  up  exclusively  of  cells ;  he  admits  the  existence 
of  a  large  amount  of  intercellular  material  in  many 
tissues,  and  so,  in  order  to  reconcile  this  fact  with  his 
previous  doctrine,  he  is  compelled  to  put  forward  the 
hypothesis  that  such  intercellular  material  may  be 
broken  up  into  imaginary  'cell  territories,'  each  of 
which  'is  ruled ^  over  by  the  cell  which  lies  in  the 

»  'Cellular  Pathologic/  1858. 

*  Translation  by  Chance.  1859,  p.  3. 

'  This  is  like  a  degradation  of  the  old  *  archseus  *  or  vital  prindplc* 
Instead  of  one  monarch  holding  his  court  in  the  stomach,  this  doctrine 
would  give  us  an  incalculable  number  of  potentates  holding  their  swty 
in  cells  over  *  cell  territories.* 
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e  of  it/  He  also  is  disposed  to  attach  much 
tance  to  the  nucleus,  and  believes  that  ^  as  long 
Us  behave  as  elements  still  endowed  with  vital 
r,  the  nucleus  maintains  a  very  constant  form/ 
,  according  to  Virchow,  *  every  animal  presents 
as  a  sum  of  vital  unities^  or  as  a  large  kingdom 

up  of  an  enormous  aggregate  of  minute  depend- 
s,  each  of  which  is  endowed  with  more  or  less 
r  of  self-government — these  dependencies  being 
iably  constituted  by  definite  morphological  units 
n  as  cells,  though  there  may  or  may  not  be  in- 
d  under  the  sway  of   each  a  certain    outlying 

territory/  Such  is  the  essence  of  Virchow's 
tne. 

fore  proceeding  further,  however,  it  will  be  well 
tint  out  that  important  modifications  had  been 
ing  up,  even  before  the  publication  of  Virchow's 
ies,  as  to  the  true  conception  of  the  nature  of  a 

So  far  the  cell  has  been  spoken  of  as  an  alto- 
r  definite  structure — as  a  body  with  a  distinct  wall 
mding  membrane  and  also  certain  contents,  which 
le  amongst  other  things  one  of  the  most  funda- 
il  parts  of  the  cell,  the  nucleus — which  again 
contain  a  nucleolus.  But  it  was  maintained  by 
eli*,  and  also  by  Alexander  Braun  ^^  and  then  more 

eitschrift  for  lessen.  Botanik/  1846  (Transln.  Ray  Soc.  1849. 

he  Phenomena  of  Rejuvenescence  in  Nature,'  1851  (Transln. 
>c  1853). 
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emphatically  declared  by  Max  Schultze  \  that  a  d 
investing  membrane  or  cell-wall  was  not  an  es 
character :  afterwards  the  typical  cell  was  still  i 
shorn  of  its  characteristics  when  it  was  sho^ 
this  had  not  been  already  done  by  Na^eli  and  1 
by  Briicke  2,  Kiihne  ',  and  others,  that  even  the  n 
was  a  non-essential  constituent  of  that  body, 
was  formerly  thought  to  represent  not  only  the  ro 
logical,  but  also  the  vital  unit.  So  that,  in  pL 
the  old  *ceir  with  its  definite  characters,  this 
reduce  us  to  a  mere  naked,  non-nucleated  bit  c 
toplasm  as  the  simplest  material  substratum  ad< 
to  display  all  those  vital  manifestations  which 
previously  considered  as  the  essential  attributes  ( 
tain  formed  elements  known  as  'cells/  The 
of  displaying  vital  manifestations  was,  in  fact, 


*  •  Reichert  und  Du  Bois  Reymond's  Archiv/  1861.  A  mere 
protoplasm  with  a  nucleus  was  sufficient  to  constitute  a  '  cell ; 
the  same  time  it  was  maintained  that  the  substance  of  the  cell 
within  the  wall,  where  this  existed)  was  protoplasm^  a  contrac 
stance  answering  to  what  Dujardin  had  named  sarcode.  Thi 
modifications  are,  hou'ever,  by  no  means  antagonistic  to  the  nc 
Schwann  as  may  be  gathered  from  the  following  passages : — • ' 
no  contradiction  involved  in  the  supposition  that  a  nucleus 
contained  in  a  solid  globule  as  well  as  in  a  cell.  ...  A  given  ob 
really  be  a  cell  when  even  the  common  characteristics  of  that  s 
namely  the  perceptibility  of  the  cell  membrane,  and  the  flowinj 
tlie  cell  contents,  cannot  be  brought  under  observation. .  . .  T 
important  and  abundant  proof  as  to  the  existence  of  a  cell  is 
sence  or  absence  of  the  nucleus.* — Loc.  dt.  p.  37. 

*  'Wiener  Sitzungsberichte,*  1861,  pp.  18-23. 

'  *  Protoplasma  und  die  Contractilitat.'    Leipzig,  1864. 
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from  definitely  formed  morphological  units  to 
indefinite  and  formless  masses  of  what  is  called 
asm.  Instead  therefore  of  an  obvious/flrw  of  Life, 
reduced  to  a  matter  of  Life,  presenting  no  appre- 
morj^ological  characters.  It  becomes  evident, 
er,  that  if  the  old  term  ^  cell'  is  now  applied  to 
its  of  living  stuff  or  protoplasm  (simply  because 
5ts  have  been  compelled  to  transfer  the  power  of 
sting  vital  properties  to  such  masses,  instead 
icting  this  power  to  definitely  formed  morpho- 
units)  the  term  must,  nevertheless,  have  entirely 

old   signification,  and  can  be  regarded  in  no 
ay  than  as  a  mere  courtesy  title  when  so  em- 
Vital  power  has  obviously  been  transferred 

morphological  unit  (the  cell)  to  mere  formless 
natter,  and  if  some  persist  in  calling  a  portion 

mere  matter  by  the  name  of  the  morphological 
nply  because  this  was  of  old  also  assumed  to  be 
mate  vital  unit,  we  must  not  allow  our  minds 
>nftised  by  such  use  of  the  word  ^. 
der  to  prevent  this,  a  new  term  must  be  intro- 
and  the  old  term  must  lose  something  of  its 
ness:  it  must,  at  the  same  time,  renounce 
r  one  of  the  characteristics  with  which  many 
edited  it.  In  accordance  with  the  views  above 
;d,  the  'cell,*  even  in  its  modern  sense — the 
f  protoplasm  containing  a  nucleus — cannot  be 
d  as  the  ultimate  vital  unit.     It  is  also  less 

[utchison  Stirling's  *  As  regards  Protoplasm,'  &c.,  1869,  p.  16. 
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definite  in  its  morphological  characters^  since  i' 
acknowledged  that  the  cell  may  or  may  not  be 
by  a  membrane  or  cell-wall.  For  the  structureL 
of  protoplasm — the  mere  bit  of  plasma,  or  livin{ 
— in  which  no  inner  differentiation  has  yet  take 
we  cannot  do  better  than  adopt  HaeckePs^  term  \ 
The  plastide,  like  the  cell,  may  vary  much  in  i 
also,  may  be  either  naked  or  bounded  by  a  mem 
The  old  doctrine  as  to  the  fundamental  propc 
the  ^  cell'  as  a  vital  unit,  did  well  enough  in  the 
when  the  lowest  known  living  things — the  lowes 
and  the  lowest  animals — were  thought  to  be  ^  un: 


■^  \  \ 


Fio.  5. 

'Unicellular  Organisms.' 
a,b,c.  Three  of  the  higher  Amoebse.    f.   One  of  the  most  mi 


a.  Nucltaria  simplex. 

b.  Amaba  Umax, 
c  Amctha  guttula. 

d  and  e.  Grtgarima  Sipuneuli. 


simple  of  the  unice 
gx — Hematoeoceut  a 
g.  The  'red  snow'  Alg 
coccus  nivalis. 


*  *  Journal  of  Microsc.  Science/  1869,  vol.  ix.  p.  33a. 
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organisms,'  closely  approximating  in  their  characters  to 
the  mofi^logical  units  of  which  the  higher  plants  and 
aniinals  were  ccrnipounded.    But,  since  our  knowledge 
has  increased,  since  we  have  become  more  familiar 
with  the  various  living  things  which  now  constitute 
the  lowest  groups  of  the  third  organic  kingdom — pro- 
TWi— the   maintenance  of  such  doctrines  (leaving 
sside  all  other  reasons)  has  become  impossible.    Have 
«e  not  seen  that  although  the  Frotoflarta  are  amoe- 
Md  animab^  possessing  the  old  cell  characters — that 
i^  having  a  distinct  nucleus  and  a  definite  bounding 
ocmbiane  —  there    are,    nevertheless,  adult  animals 
entering  into  the  composition  of   the  lowest  group 
^^^«^  some  of  which  have  no  bounding  membrane 
4oug|i  they  have  a  nucleus,  whilst  others,  simpler 
still,  are  mere  bits  of  protoplasm,  naked,  non-nucle- 
ated, stractureless  ?    Yet,  such  minute,  homogeneous, 
^  altogether  indefinite  bits  of  protoplasm,  are  as 
Qpable  of  displaying  the  fundamental  characteristics  of 
l-ifc  as  are  the  more  definite  unicellular  organisms,  to 
^hicb  such  attributes  were  previously  supposed  to  be 
"^cted.    Without  visible  structure  they  nevertheless 
^iniilate  materials  from  their  environment,  and  grow. 
*^  constantly  vary  their  form,  and  are  capable  of 
^*^ting   slow   movements.    Though    possessing    no 
'^^cus,  they,  nevertheless,  are  able   to    divide  and 
'^Ptxluce  their  kind. 

1^.  Lionel  Beale,  whilst  admitting  the  existence  of 
a  ... 

'^rj^logical  unit  answering  to  the  cell  of  other 


154  THE  BEGINNINGS  OF  LIFE. 

observers,  which  is  found  to  enter  largely  into  the  con 
position  of  many  of  the  tissues  of  the  body,  denies  tk 
anything  to  which  the  ordinary  definition  of  a  cell  wou 
be  applicable  can  be  said  to  constitute  the  elemental 
part  of  many  tissues.  He  says^: — ^We  may,  ho^ 
ever,  use  this  term,  which  is  very  short  and  convi 
nient,  if  we  give  it  a  more  general  meaning.  I  wou 
venture  to  describe  the  cell  or  elementary  part  as 
structure  always  consisting  of  matter  in  two  state 
forming  and  formed^  or  germinal  matter  and  formk 
material.  The  first  or  active  substance  is  surrounds 
and  protected  by  the  outer  passive  matter,  throu{ 
which  all  the  pabulum  to  be  converted  into  ge 
minal  matter  must  pass.'  Looking  therefore  upon  tl 
central  portion  (corresponding  to  nucleus  and  pa 
of  cell  contents)  as  the  living  part  or  germinal  matte 
in  which  the  active  powers  of  growth  reside,  and  1 
the  division  of  which  new  germinal  centres  are  pr 
ducedj  he  regards  the  peripheral  portion  (correspon 
ing  to  the  outer  part  of  cell  contents,  the  cell-wall  ai 
the  intercellular  substance  of  most  other  writers)  as  dei 
matter,  incapable  of  undei^oing  any  further  chang 
that  may  be  called  vital.  The  outermost  layers 
germinal  matter  are  supposed  to  be  continually  losii 
their  peculiar  powers,  and  passing  into  formed  mal 
rial ;  whilst  the  new  materials  of  growth  penetrate 
the  very  centre  of  the  germinal  mass,  where  all  • 

'  *  Structure  and  Growth  of  Tissues/  *  Journal    of   Microscc^ 
Science,'  1861,  p.  62. 


J^'r^./' 
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^'W  processes  are  thought  to  be  in  their  greatest  acti- 

^%    Further  changes  in  \iit  formed  (or  dead)  material, 

^^h^  in  some  cases,  in  the  formation  of  the  various 

^^ctions,  and  in  others,  in  the  production  of  the  cha- 

'^cristic  parts  of  such  tissues  as  muscle  and  nerve. 

W'e  now  know,  however,  that  the   simplest  living 
"^^ngs  present  no  such  distinction  of  parts  as  those 
^  Which  Dr.  Beale  alludes;   and  it  has  always  ap- 
'^^cd  to  me  to  be  a  very  fundamental  objection  to  his 
^^Ory  that  so  many  of  the  most  characteristically  vital 
*^^^Homena  of  the  higher  animals  should  take  place 
^^"Ough  the  agency  of  tissues — muscle  and  nerve  for 
^^^tance — by  far  the  greater  part  of  the  bulk  of  which 
^^Hxld,  in  accordance  with  Dr.  Beale's  view,  have  to  be 
^^'isidered  as  dead^  and  inert.     Dr.  Beale  has  quite  re- 
^'^^Xtly  said  * : — '  The   contractile   material   of  muscle 
y  be  shown  to  be  continuous  with   the  germinal 
ter,  and  oftentimes  a  thin  filament  of  the  trans- 
versely striated  tissue  may  be  detached  with  the  oval 
**^^ss  of  germinal  matter  still  connected  with  it,  show- 
^^^  that,  as  in  tendon,  the  germinal  matter  passes  un- 
^^temiptedly  into   the   formed   material.      This   con- 
"^ractile  tissue  is  not,  like  the  germinal  matter  which 
produced  it,  in  a  liinng  state.     In  the  formation  of  the 
^^'^tractile  tissue  the  germinal  matter  seems  to  move 
^^wards,  and  at  its  posterior  part  gradually  undergoes 
^^version  into  the  tissue.    At  the  same  time  it  absorbs 
'^^trient  material,  and  thus,  although  a  vast  amount 

^  'Protoplasm,'  ind  edition,  1870,  p.  54. 
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of  contractile  tissue  may  have  been  produced,  the  gc 
minal  matter  which  formed  it  may  not  have  altered 
bulk/  Then,  concerning  the  nature  and  mode  of  ft: 
mation  of  nerve  fibres,  Dr.  Beale  says: — *The  ner 
fibre  is  composed  of  formed  material,  which  is  structi 
rally  continuous  with  the  formed  material  of  the  ner 
cells  of  the  nerve  centres.  A  nerve  fibre  at  an  ear 
period  of  development  consists  of  a  number  of  ov 
masses  of  germinal  matter  linearly  arranged.  As  dev 
lopment  proceeds,  these  become  separated  farther  ai 
farther  from  one  another,  and  the  non-living  tisf 
which  is  thus  spun  off  as  they  become  separated,  is  tl 


nerve.* 


Dr.  Beale*s  dictum  that  the  matter  which  he  ca3 
^formed  material'  is  dead,  we  regard  as  a  singular 
foundationless  hypothesis,  the  maintenance  of  which 
beset  with  difficulties.  If  muscles  and  nerves  perfbr 
work,  such  functional  activity  must  be  attended  t 
tissue  changes  in  their  very  substance.  How  then 
repair  to  be  effected  ?  Not  after  the  fashion  in  whic 
living  tissues  are  renovated,  for  these,  according  t 
Dr.  Beale,  are  dead,  and  therefore  cannot  be  amenab 
to  the  laws  which  govern  the  repair  of  living  structure 
I  have  no  faith,  however,  in  the  ability  of  carmine  1 
discriminate  the  not-living  from  the  Living,  and  ca 
only  state  my  total  inability  to  accept  the  opinion  < 
Dr.  Beale  when  he  says: — 'The  difference  betwee 
germinal  or  living  matter  and  the  pabulum  whic 
nourishes  it,  on  the  one  hand,  and  the  formed  materi; 
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which  is  produced  by  it,  on  the  other,  is,  I  believe, 
shsohite.    The  pabulum  does  not  shade  by  impercept- 
ible gradations  into  the  living  matter,  and  this  latter 
into  the  formed  material,  but  the  passage  from  one 
state  into  the  other  is  sudden  and  abrupt,  although 
there  may  be  much  living  matter  mixed  with  little  life- 
less matter,  or  vic9  versa.     The  ultimate  particles  of 
niatter  pass  from  the  lifeless  into  the  living  state,  and 
ftom  the  latter  into  the  dead  state,  suddenly.    Matter 
C2aix)t  be  said  to  half-live  or  half -die.     It  is  either 
W  or  livmgy  animate  or  inanimate  j  and  formed  matter 
fas  ceased  to  live/    We  do  not  wonder  that  any  one 
^ho  could  hold  such  a  doctrine  as  this  should  exhibit 
^   much   antagonism  towards  the  Evolution  Hypo- 
^esis.    But  how  such  marvellously  abrupt  transitions 
are  brought  about  we  are  not  told ;  and  Dr.  Beale, 
'Horeovcr,  forgets  to  mention  upon  what  evidence  he 
feds  himself  entitled  to  make  such  positive  and  start- 
ing assertions. 

To  a  certain  extent,  however^  we  find  there  is  an 

agreement  between  Dr.  Beale's  doctrine  and  that  of 

^^*hcr  excellent    observers.      He  says  ^ :  —  ^  However 

^^  organisms   and   tissues    in  their  fiilly   formed 

^^^  may  vary  as  regards  the  character,  properties,  and 

^^^^^n^osition  of  the  formed  material,  all  were  first  in 

™  condition   of  clear^  transparent ^  structureless^  form- 

^^  living  matter.'    Surely,  however,  he   is  uttering 

^nicthing  quite  contradictory  when  he  says,  in  eflFect 


^  Loc.  dt.  p.  48. 
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previously,  and  also  subsequently^  in  actual  words: — ^A 
that  is  essential  to  the  cell  or  elementary  part  is  muntt 
that  is  In  the  living  state — germnal  matter^  and  matte 
that  has  heen  in  the  living  state — formed  material!  Sud 
^formed  material'  as  Dr.  Beale  here  speaks  of  ma] 
be  necessary  in  order  to  support  certain  theories,  but  it 
does  not  actually  exist  in  the  simplest  living  things  or 
elemental  living  parts — these  are,  as  he  has  himself 
frequently  stated,  perfectly  structureless*. 

But  even  so  far  back  as  1853,  before  the  doctrine 
as  to  the  constitution  of  the  *  cell*  had  undergone  thcsi 
modifications — or  rather,  as  we  should  more  strictly  sa^ 
before  it  had  been  generally  acknowledged  that  vit^ 
manifestations  could  be  displayed  by  mere  bits  ^ 
protoplasm  lacking  this  form  hitherto  supposed  im 
cessary — ^Professor  Huxley  had  put  forth ^  a  powerF 
remonstrance  against  the  then  all-prevalent  ^cellul-- 
theory '  of  organization.  His  opinions  were  announce 
even  five  years  before  Virchow,  the  last  great  champicj 
of  the  old  doctrine,  issued  his  celebrated  '  Cellular  Pathc 
logic/  Following  in  the  main  the  doctrines  of  Wok 
and  Von  Baer,  Professor  Huxley  contended  that  th 
primitive  organic  substance  is  a  homogeneous  plasm 

^  Idem,  p.  55. 

*  If  the  reader  chooses  to  consult  Dr.  Beale's  work  on  *  Protoplasm 
it  will  be  found — in  accordance  with  fact  rather  than  theory — that  th 
figures  of  living  things  and  elementary  parts  there  given  in  PI.  I! 
especially  figs.  3,  5,  and  6,  represent  only  homogeneous  living  mattei 
with  no  trace  of  formed  material  externally.  Dr.  Bcale's  accuracy  as  a 
observer  is  thoroughly  well  known. 

'  See  *  British  and  Foreign  Medical  Chirurgical  Review,*  1853,  p.  30^ 
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in  urtiich  a  certain  differentiation  takes  place,  but  that 
there  is  no  evidence  whatever  to  show  that  the  mole- 
eaUr  fines  of  this  living  matter  (the  *  vital  forces'  of 
most  modem  writers)  are  by  this  differentiation  local- 
ized in  any  one  part  more  than  in  any  other  part — 
be  it  cell  or  be  it  intercellular  tissue.    *  Neither  is 
there  any  evidence/  he  says,  *  that  any  attraction  or 
other  influence  is  exercised  by  the  one  over  the  other ; 
the  changes  which  each  subsequently  undergoes,  though 
they  arc  in  harmony,  having  no  causal  connection  with 
one  another,  but  each  proceeding,  as  it  would  seem, 
^  accordance  with  the  general  determining  laws  of 
^  organism/    Whilst  believing  that  the  periplast — 
cc^tesponding  with  the  cell-wall  and  intercellular  tissue 
^  other  writers — is  the  seat  of  all  the  most  important 
''^ctainorphic  processes,  out  of  which  the  various  tissues 
^''c  produced,  he  also  believes  that  this  differentiation 
*^  not  brought  about  by  any  mysterious  action  on  the 
P^rt  of  the  cell  or  nucleus — that  it  is  rather  a  result 
^^ intimate  molecular  changes  talcing  place  in  the  plastic 
'^^^tter  itself  after  a  definitely  successive,  though  in- 
^^Ucable  fashion.    The  fundamental  position  of  Pro- 
^'^sor  Huxley  is,  in  fact,  that  the  *  primary  differentia- 
*^tl  is  not  a  necessary  preliminary  to  further  organi- 
^^ion — ^that  the  cells  are  not  machines  by  which  alone 
^*^er  development  can  take  place,'  they  are  rather 
^^re  indications  of  accustomed  modes  of  evolution. 
*^is  view   he   has   fiirther   illustrated  as   follows: — 
^^e  have  tried  to  show,'  he  says,  ^  that  they  are  not 
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instruments  but  indications — that  they  are  no  c 
the  producers  of  the  vital  j^enomena,  than  the  si 
scattered  m  orderly  lines  along  the  sea-beach  are 
instruments  by  which  the  gravitative  force  of  the  m 
acts  upon  the  ocean.  Like  these,  the  cell  marks  c 
where  the  vital  tides  have  been,  and  how  they  h 
acted/ 

Professor  Huxley's  doctrine  must  be  distinguisi 
from  another  put  forward  by  Dr.  Hughes  Bennett  shor 
afterwards^,  and  then  more  fully  in  the  'Procccdii 
of  the  Royal  Society  of  Edinburgh,'  in  1861.  This 
more  especially  known  as  ^The  Molecular  Theory 
Organization/  '  The  first  step/  Professor  Bennett  sa 
^  in  the  process  of  organic  formation,  is  the  producti 
of  an  organic  fluid ;  the  second,  the  precipitation  ir 
of  organic  molecules,  from  which,  according  to  ' 
molecular  law  of  growth,  all  other  textures  are  derii 
either  directly  or  indirectly.'  So  that  ^the  ultim 
parts  of  the  organism  are  not  cells  nor  nuclei,  but 
minute  molecules  from  which  these  are  formed.  Tl 
possess  independent  physical  and  vital  properties,  wh 
enable  them  to  unite  and  arrange  themselves  so  as 
produce  higher  forms.  Among  these  are  nuclei,  cc 
fibres,  and  membranes,  all  of  which  may  be  produ< 
directly  from  molecules.  The  development  and  groii 
of  organic  tissues  is  owing  to  the  successive  formati 
of  histogcnetic  and  histolytic  molecules.     The  breaki 


I  • 


Report  of  the  British  Association/  1855,  p.  119. 
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a  one  substance  is  often  the  necessary  step  to 
mation  of  another :  so  that  the  histolytic  or  dis- 
itivc  molecules  of  one  period  become  the  histo- 
:  or  formative  molecules  of  another  ^!  The  theory 
inization  advocated  by  Prof.  Huxley  and  others  is 
ailar*  from  a  functional  point  of  view,  whilst 
Dr.  Hughes  Bennett  bears  principally  upon  the 
pmental  and  structural  aspects  of  the  doctrine  % 
^  he  also  distinctly  teaches  that  the  vital  forces 
^pendent  upon  molecules  and  not  upon  cells. 
Dg  of  his  general  doctrine,  Dr.  Bennett  says : — 
molecular,  therefore,  is  in  no  way  opposed  to  a 
cU  theory  of  growth,  but  constitutes  a  wider 
lization,  and  a  broader  basis  for  its  operations. 
T  does  it  give  any  countenance  to  the  doctrine  of 
cal  or  spontaneous  generation  ^!  It  can  scarcely 
that  Dr.  Bennett  has  succeeded  in  convincing 

ires 'On  Molecular  Physiology,' &c.,  'Lancet,'  1863  (vol.  i.). 

ctrine  of  this  kind  had  been  previously  hinted  at  by  Pineau  in 
nnal.  des  Sciences  Naturelles*),  when  he  expressed  his  belief 
primary  phenomenon  in  the  development  not  only  of  cells, 
id  T^etable,  bat  also  of  Infusoria,  consisted  '  essentiellement 
gglom^ration  des  granules.'  He  described  observations  by 
had  satisfied  himself  that  such  a  mode  of  formation  occurred 
gin  of  certain  Infusoria,  and  also  in  the  formation  of  the  spores 
,  lichens.  According  to  Virchow  (loc.  cit.  p.  26),  Baumgiirtner 
»ld  had  also  expressed  their  belief  in  a  similar  mode  of  origin  of 
ments. 

ires  in  'Lancet,*  1863,  p.  4.  Lately,  however  (*Pop.  Science 
Jan.,  1869),  Dr.  Hughes  Bennett  has  proclaimed  his  firm 
iie  doctrine  of  *  Spontaneous  Generation.' 

I.  M 
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physiologists  as  to  the  truth  of  his  doctrines  so  far  as 
they  bear  upon  structure  and  development,  although 
they  are  undoubtedly  true  in  several  important  respects. 

Now  the  essence  of  the  doctrine  propounded  by 
Prof.  Huxley,  and  in  this  respect  also  by  Dr.  Hughes 
Bennett,  is  that  the  vital  forces  are  ^molecular  forces,* 
that  they  are  not  dependent  upon  morphological  forms 
or  ^  cells,'  and  therefore,  that  essentially  vital  mani- 
festations may  take  place  in  mere  formless  living 
matter^.  But,  as  we  have  just  seen,  this  is  precisely 
the  doctrine  to  which  so  many  other  distinguished  bi- 
ologists have  now  given  in  their  adhesion.  They  t< 
— ^Max  Schultze,  Haeckel,  Kiihne,  and  others — hav< 
gradually  recognized  that  a  something  of  definite  fomr^a 
is  no  longer  necessary  —  that  there  arc  independen^-j 
living  things  even  lower  in  the  scale  than  the  old  xroi-^m 
cellular  organisms,  and  that  whether  to  constitute  on»  .^ 
of  these  or  to  constitute  a  functional  unit  of  a 
organism,  all  that  is  needed  is  mere  indefinite  forml< 
protoplasm — a  mere  ^  shred'  of  the  matter  of  Life  *. 

This  then  being  the  theory  to  which  our  most 
complished   microscopists  and  physiologists  have 
rived,  it  will  be  interesting  for  us  to  see  how  such 
conclusion  harmonizes  with  the  hypothesis  of  Evol"^ 


^  This  is  the  logical  outcome  also  of  the  doctrine  of  Sdiwann, 
he  so  distinctly  maintained  that, '  tlie  formation  of  cells  bears  the 
relation  to  organic  nature,  that  crystallization  does  to  inoiganic* 

*  See  Mr.  Stirling's  pamphlet,  *  As  regards  Protoplasm  in  relati< 
Professor  Huxley's  Essay  on  the  Physical  Basis  of  Life,'  1869,  p.  16. 
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We  cannot  do  better  than  quote  what  Mr.  Her- 
Spencer  writes  on  this  subject  in  his  ^Principles  of 
Dgy/  *  We  set  out  with  molecules  Y  he  says,  *  one 
ec  higher  in  complexity  than  those  molecules  of 
3geiious  colloidal  substance  into  which  organic 
tcr  is  resolvable ;  and  we  regard  these  somewhat 
e  complex  molecules  as  having  the  implied  greater 
ability,  greater  sensitiveness  to  surrounding  in- 
nces,  and  consequent  greater  mobility  of  form. 
b  being  the  primitive  physiological  units,  organic 
hition  must  begin  with  the  formation  of  a  minute 
ration  of  them — m»  aggregate  showing  vitality  only 
^Kgber  degree'  of  that  readiness  to  change  its  form  of 
nggtiom  which  colloidal  matter  in  general  displays  i  and 
ts  ability  to  unite  the  nitrogenous  molecules  it  meets 
\  into  complex  molecules  like  those  oi  which  it  is 
iposcd.  Obviously  the  earliest  forms  must  have 
Q minute^  since  in  the  absence  of  any  but  diffused 
inic  matter,  no  form  but  a  minute  one  could  find 
iment.  Obviously,  too,  it  must  have  been  struc- 
Icss;  since  as  diflfcrentiations  are  producible  only 
he  unlike  actions  of  incident  forces,  there  could 
5  been  no  diflFerentiations  before  such  forces  had 
time  to  work.  Hence  distinctions  of  parts  like 
e  required  to  constitute  a  cell  were  necessarily 


iCr.  Spencer  here  Tefers  to  chemical  molecules  of  a  very  complex 
re,  and  not  to  minute  visible  granules.  For  an  account  of  the?e 
^  molecules  or  'physiological  units'  see  *Prin.  of  Biol.'  vol.  i. 
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absent  at  first.  And  we  need  not  therefore  be  surj 
to  find,  as  we  do  find,  specks  of  protoplasm  nianife 
lifis  and  yet  showing  no  signs  of  organization  V. 

But  if,  then,  mere  ^  cellular '  form  is  so  non-ess< 
for  the  display  of  vital  manifestations,  how,  it  m 
asked,  is  its  frequent  recurrence  throughout  the  t 
of  plants  and  animals  to  be  explained  *  ?  We  car 
make  more  or  less  probable  surmises  in  reply  t( 
question.  We  must  imagine,  in  the  first  place, 
the  telluric  conditions  acting  upon  plastic  organ: 
matter  are  such  as  to  be  especially  favourable  ft 
evolution  of  this  particular  organic  form.  The 
interesting  experiments  of  Mr.  Rainey,  as  w< 
those  of  Dr.  Montgomery,  have  indeed  already  s 
that  non-living  semi-fluid  matter,  under  certain 
ditions,  is  especially  prone  to  assume  such  si 
Thus  the  action  of  environing  conditions,  com 

*  Loc.  cit.  vol.  ii.  p.  ii. 

*  It  must  not  be  supposed  that  a  cellular  structure  is  more  pi 
than  is  really  the  case.  Nothing  of  the  kind  exists,  as  we  have 
many  Amoebae,  and  likewise  in  the  Foraminifera.  No  true  cells 
said  to  be  present  in  Diatoms  or  Desmids,  and  from  what  tl 
M.  J.  Berkeley  tells  us  there  are  what  may  be  considered  non- 
Algsc  and  Fungi.  Speaking  of  these  plants,  he  says  (*  Introdu 
Crypt.  Botany,*  p.  248) : — *  The  cellular  tissue  varies  in  almost  ev 
ceivable  way,  both  as  regards  form  and  composition.  Cells  occ 
fectly  globose,  and  almost  extremely  elongated  and  attenuated ; 
some  instances,  as  in  Vaueberia  (Fig.  22),  not  a  single  dissepi 
formed  (Fig.  23)  from  the  first  germination  of  the  spore  till 
Jiation ;  so  that  the  whole  plant  is  a  single  ramified  cell  whose 
faU  off  and  reproduce  the  species.'  Many  other  Alge  agree  wi 
cberia  in  presenting  no  trace  of  a  cellular  structure. 


THE  BEGINNINGS  OF  LIFE.  165 

h  the   inherent  tendencies  of   the  lowest    living 
iOgs,  would  predispose  towards  their  evolution  into 
oicellular  organisms  —  both  animal  and  vegetable. 
/Vnd  similar  determining  causes  might  be  presumed 
to  be  in  part  operative  in  the  production  of  those 
higher  organisms  which  are    composed  of  variously 
arranged  aggregates  of  such  morpholc^icai  units.     But 
wc  must  not  forget,  as  Mr.  Spencer  reminds  us,  that 
from  the  Lutw  of  Heredity^  considered  as  extending  to 
^  entire  succession  of  large  groups  of  living  things 
OQ  the  surface  of  our  globe,  during  its  whole   past 
'ustory,  *  it  follows  that  since  the  formation  of  these 
small  simple  organisms  must  have  preceded  the  for- 
'i^tion  of  larger  and  more  complex  organisms,  the 
^^i|er  and  more  complex  organisms  must  inherit  their 
essential  characters.    We  may  anticipate,*  Mr.  Spencer 
^^ntinues,  ^  that  the  multiplication  and  combination  of 
^cse  minute  aggregates  or  cells  will  be  conspicuous 
*n  the  early  developmental  stages  of  plants  and  animals; 
^^  that  throughout  all  subsequent  stages,  cell-produc- 
^lon  and  cell-dificrentiation  will  be  dominant  charac- 
teristics.     The  physiological  units   peculiar  to  each 
*^*0icr  species  will,  speaking  generally,  pass  through 
^s  form  of  aggregation  on  their   way  towards  the 
^^^  arrangement  they  are  to  assume;  because  those 
P^iinordial   physiological  units  from  which  they  are 
""^niotdy  descended^  aggregated  into  this  form.     And 
y^^  just  as  in  other  cases  we  found  reason  for  in- 
f'Krring  (§  131)  that  the  traits  of  ancestral  organization 
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may^  under  certain  conditions,  be  partiall 
obliterated,  and  the  ultimate  structure  assun 
passing  through  them,  so  here  it  is  to  be  ii 
the  process  of  cell  formation  may,  in  som 
passed  over.  Thus  the  hypothesis  of  cvoluti 
us  for  these  two  radical  modifications  of  tfa 
trine  which  the  facts  oblige  us  to  make.  It 
expect,  that  as  structureless  portions  of 
must  have  preceded  cells  in  the  process 
evolution,  so  in  the  special  evolution  of  < 
organism  there  will  be  an  habitual  production 
of  structureless  blastema.  And  it  leads  us  to 
though  generally  the  physiological  units  c( 
structureless  blastema  will  display  their  in! 
clivities  by  cell  development  and  metamorph 
will  nevertheless  occur  cases  in  which  th 
be  formed  is  formed  by  direct  transforma 
blastema  ^' 

Fully  admitting,  therefore,  that  the  ^ 
most  important  structure,  that  it  is  a  kin 
having  in  complex  organisms  a  subordinat 
ality  of  its  own,  that  cells  do  frequently 
division  of  pre-existing  cells,  that  they  ; 
morphological  units,  which  by  their  uniform: 
ture  and  wide-spread  diffusion  throughout 
of  both  plants  and  animals  may  well  clain 
morphological  units — still,  we  must  not,  < 
count,  endow  them  with  an  undue  importance 

^  Log.  dt.  vol.  ii.  p.  i  a. 
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n  how  strongly  many  of  our  leading  physiologists 
A  zoologists  are  in  favour  of  the  view  that  such  a 
itfinite  fvrm  is  no  longer  necessary  for  the  display  of 
vital  manifestations — nay,  it  is   a  view  which  they 
cannot  do  other  than  hold,  now  it  has  become  a  matter 
of  absolute  knowledge  that  the  lowest  living  things — 
&r  from  being  unicellular  organisms — are  mere  bits  of 
piotoplasm,  devoid  of  nucleus,  devoid    of   cell-wall, 
I^oteus-like,  changing    in  outline   from    moment  to 
oomcnt    Whilst,  therefore,  fiilly  alive  to  the  great 
*nrice  which  Virchow  has  done  to  the  cause  of  pa- 
tWogy,  by  calling  attention  so  forcibly  to  the  import- 
ance of  a  consideration  of  the  inherent  activities  of 
^  tissue  elements  as  factors  in  the  nutritive  processes, 
whether  healthy  or  morbid,  we  believe,  nevertheless, 
^t  he  has  pushed  his  doctrines  to  a  perilous  and 
^'^eous  extreme.    We  feel  it  impossible — and  per- 
^^hance  he  would  now  do  the   same — to  admit  that 
^  cell  is  really  the  ultimate  morphological  unit 
'"^  which  there  is  any  manifestation  of  life,  and  that 
^c  must  not  transfer  the  seat  of  real  action  to  any 
Mnt  beyond  the  cell/    Then,  too,  the  accumulated 
^ci^t  of  other  evidence,  of  various   kinds,   makes 
^^   impassible  for  us  to  agree  with  him  in  regard  to 
^*^  doctrine  that  cells  can  only  originate  from  division 
^^  endogenous  multiplication  rf  pre-existing  cells,  that 
^^  can  never  be  evolved  de  novo  out  of  homogeneous 
"lastcmata^    Virchow^s  doctrine  on  this  subject  is — 

^  '  Celltilar  Pathology/  p.  27. 


i68 


THE  BEGINNINGS  OF  UFB. 


^  Where  a  cell  arises,  there  a  cell  must  have  pre- 
viously existed  {omnh  celluU  e  cellitls)^  just  as  an  animal 
can  spring  only  from  an  animal,  a  plant  only  from  a 
plant/  To  what  extent  this  is  true  we  have  now  to 
enquire. 


•MM* 


CHAPTER  V. 

MODES    OF    ORIGIN   OF  REPRODUCTIVE  UNITS  AND   OF   CELLS. 

Modes  of  origin  of  reproductive  units.     Development  qf  *  zoospores '  in 
Ctmftrva  carta.    Evolution  of  ciliated  spore  in  Vaucberia.     Forma- 
tion  of  'resting  spore'  in  (Edogomum.    Development  of  spores 
in    Acblya  proli/era;  rapidity  of  process.     Similar  mode  of  for- 
mation in  other  Fungi,  and  in  Lichens.     Mode  of  origin  of  Nuclei. 
Formation  of  Cells  within  the  intemodes  of  Cbaractct.    Develoj>- 
ment   of  ovule,  and    of  endosperm  cells,  in  Flowering  Plants. 
Mode  of  origin  of  germs  in  Protomyxa,  and  in  higher  Araceba:. 
Formation  of  ova  in  lower  Animab.    No  doubt  abput  mode  of 
formation  of  yelk-mass  and  vitelline  membrane  in  Nematoids.  Mode 
of  origin  of  ova  in  higher  Animals.     Origin  of  Spermatozoa, 
antherozoids,  and  pollen  grains. 
AboTC  evidence  shows  that  independent  Living  Units  are  at  first  form- 
less.   The  Cell  a  product  of  Evolution.    Non-essential  nature  of 
nndeas  and  cell-wall.     Virchow's  hypothesis   untenable.     Most 
necessary  to  consider  properties  of  Living  Matter. 
Origin  of  Living  Units,  as  specks  of  protoplasm,  in  blastemata.     Ex- 
periments of  Onimus.    Observations  on  mode  of  origin  of  white 
blood  corpuscles.     Another  mode  in  which  Cells  originate.     Five 
fundamental    modes    by    which    independent    Living    Units    are 
produced.    Can  a  fluid  live?    Comparison  between  the  Growth 
and  Genesis  of  Living  Matter.    Theoretical  indications  not  adverse 
to  Archebiosis. 

THE  mere  farmy  therefore,  of  living  things,  or  of 
the  active  elemental  parts  of  higher  organisms, 
has  lost  its  importance.  Vital  manifestations  are  now 
known  not  to  be  dependent  upon  visible  organization 
of  any  kind  5  they  are  the  results  of  peculiar  molecular 
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aggregations:  visible  organization  is,  in  fa 
rather  than  a  cause  of  Life  and  living  ai 
cell  is  not  the  ultimate  unit,  without  whid 
mena  of  Life  are  unable  to  occur.  It  is  its 
duct,  immediate  or  remote,  of  an  antecedec 
Life  is  dependent  upon  matter  di  particula 
results  from  the  aggregated  and  interdepem 
the  molecular  fDrces  pertaining  to  such  m 
organism.  The  old  and  much  disputed  prol 
fore,  as  to  whether  cells  can  originate,  in 
of  pre-existing  cells,  in  homogeneous  flu 
temata  within  the  body,  may  and  must 
into  the  still  simpler  question.  Whether  m 
almost  microscopically  invisible,  specks  of 
(plastides),  which  are  able  to  develope  into  d 
forms,  can  originate  in  such  fluids  ?  With 
throwing  light  upon  the  subject,  we  may  ca 
to  some  facts  which,  though  familiar  to  ve 
not  seem  to  have  been  adequately  appreciai 
bearing  upon  this  question. 

We  will  first  enquire  into  the  mode  of  o] 
most  important  of  all  living  units — of  thos- 
destined  to  perpetuate  the  species.  And,  1 
so,  we  must  test  the  facts  thus  ascertai 
the  old  notions  concerning  the  'cell/  but 
facts  and  views  concerning  the  powers  of  m< 
living  matter,  which  the  present  state  o; 
science  compels  us  to  accept. 

The  reproductive  units  of  Alg«,  which,  af 
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irtain  cells  or  chambers  of  the  parent  plant, 
ne  move  about  in  the  water  with  great  activity, 
developing  into  the  future  plant,  are  named 
res/  and  also  ^  gonidia*'  The  nature  and  mode 
Q  of  these  bodies  were  most  carefully  studied  by 
uret^,  and  the  investigation  has  since  been  fol- 
ip  by  many  other  observers.  They  seem  to  be 
produced  as  a  result  of  diJBFerentiations  taking 
1  a  previously  formless  protoplasm,  and  in  their 
tive  stage  of  existence  they  closely  resemble 

infusorial  animalcules,  though,  of  course,  they 
lom  these  altogether  as  regards  their  ultimate 
\s  Dr.  Lindley  pointed  out  ^ : — *  The  reproduc- 

algals  by  zoospores  is  a  much  more  common 
lenon  than  has  been  supposed.  Instead  of  being 
d  to*  the  lower  forms  of  the  alliance,  it  occurs  in 
ist  completely  organized  forms,  such  as  Lami- 

which  are  hardly  more  remarkable  for  their 
c  size  than  for  the  complexity  of  their  structure.* 
xie  of  formation  and  liberation  of  these  bodies 

described  by  Agardh.  He  says^: — ^'The  fila- 
of  Conferva  area  are,  as  is  well  known,  articu- 
r  divided  at  equal  distances  into  little  compart- 
(joints),  which  have  no  communication  among 
Ives  other  than  what  results  from  the  per- 
ity  of  the  dissepiments.      The    green   matter 

1  Ann.  des  Sc  Naturelles.    S^r.  3,  t.  xiv. 
'  '  Vegetable  Kingdom/  3rd  edition,  p.  11. 
' '  AnD.  des  Sc.  Naturelles/  1836,  t.  xii.  p.  194. 
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contained  in  these  joints  appears  at  first  altog< 
geneausy  as  if  it  were  fluid ;  but  in  a  more 
state  it  becomes  more  and  more  granular.  Tt 
are,  at  their  formation,  found  adhering  to 
sur&ce  of  the  membrane ;  but  they  soon  del 
selves,  and  the  irregular  figure  which  they 
first  passes  to  that  of  a  sphere.    These  granui 
gate  by  degrees  in  the  middle  of  the  joint  in 
at  first  elliptical,  but  which  at  length  become 
spherical.     All  these  changes  are  conformal 
phenomena  known  in  vegetable  life;  those 
to  follow  have  more  analogy  with  the  pher 
animal   life.     At  this  stage  an   important 
phosis  exhibits   itself  by   a  motion  of  swi 
mouvemcnt   de   fourmillement)   in   the   gre( 
The  granules  of  which  it  is  composed  det 
selves  from  the  mass  one  after  another,  and  h 
become  free,  they  move  about  in  the  vacan 
the  joint  with  an  extreme  rapidity.     At  the 
the  exterior  membrane  of  the  joint  is  observe 
in  one  point,  till  on  it  there  forms  a  little 
which  is  to  become  the  point  from  which  t 
granules  finally  issue.     .     .     At  first  they 
body,  but  soon  those  which  remain,  swimi 
much  larger  space,  have  much  more  diffici 
caping;   and  it  is  only  after  innumerable 
against  the  walls  of  their  prison  that  they  ; 
finding  an  exit.     From  the  first  instant  of  t 
one  observes  that  the  granules  or  sporules  ar< 


THE  BEGINNINGS  OF  LIFE,  173 


with  a  little  beak,  a  kind  of  anterior  process,  always 
distinguishable  from  the  body  of  the  seed  by  its  paler 
colour.    ,    .    .     Escaped  from  their  prison  they  con- 
tinue their  motion  for  one  or  two  hours,  and  retiring 
always  towards  the  darker  edge  of  the  vessel,  some- 
times they  prolong  their  wandering  course,  sometimes 
they  remain  in  the  same  place,  causing  their  beak  to 
▼ibratc  in  rapid  circles.    Finally  they  collect  in  dense 
masses,  containing  innumerable    grains,  and    attach 
ticmselves  to  some  extraneous  body  at  the  bottom  or 
on  the  surface  of  the  water,  where  they  hasten  to 
<fcvelope  filaments  like  those  of  the  mother  plant.* 

The  mode  of  formation  of.  the  single  ciliated  spore  ^ 
^  ymichena  is  perhaps  still  more  interesting,  because 
tt  parent  organism,  which  is  a  fine  tufted  filamentous 
Alga,  presents  not  the  slightest  trace  of  a  cellular 
structure,  and  because,  of  the  rapidity  with  which  the 
^re  is  produced.  The  ramified  tubular  structure  of 
^  Alga  is  lined  with  minute  but  bright  green  chloro- 
phyll vesicles  or  granules.  All  the  phenomena  which 
attend  the  formation  of  the  spore  were  frequently 
^rved,  and  have  been  carefully  described  by  Dr. 
A*  H.  Hassall,  from  whose  work  ^  we  abstract  the 
following  details.  When  spores  are  about  to  form, 
^  extremities  of  some  of  the  filaments  swell  up  in 
^  form  of  a  club,  and  the  green  matter  becomes  so 
^^h.  condensed  at  this  part  as  to  make  it  assume  a 

*  ^^t  Y^"  in  diameter. 

'  'History  of  the  British  Fresh  Water  Algs/  1845,  p.  16. 
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blackish  tint.    Near  the  base  of  the  enlargement  the 


a.b. 


Fia.6. 

Pormatitm  of  Spore  in  Vaaahtria.  (Hassall.) 
',  d.  Successive  clianges  in  one  of  tcmun&I  fiUmeate  prior  to  the 


separation  of  the  spoie. 
I.  Spore  emerging  from  ruptured  extremity  of  filament. 
/.  Spore  immedialely  after  separation. 
g.  Spore  at  later  stage,  larger  and  ciliated. 
h.  Later  still,  showing  changes  which  precede  germuiation. 
1. 1.  Commencing  growth  of  lUameats  from  the  slationaiy  spore. 

chlorophyll  granules  are  seen  separated  from  one  another, 
leaving  a  clear  and  ultimately  well-deiined  space,  in 
which  transparent  mucilage  only  is  to  be  seen,  separatiof 
the  matter  of  the  future  spore  from  that  of  the  filament- 
All  this  takes  place  most  rapidly,  so  that  in  a  ft* 
minutes  from  its  commencement  the  embryo  spoi* 
assumes  an  elongated  oval  form,  and  the  whole  <^  'A, 
with  the  exception  of  its  proximal  or  inferior  extremity* 
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ost  black  from  the  condensation  of  chlorophyll 
as  taken  place  in  its  substance.  ^It  is  then/ 
[assail  says,  ^that  the  crisis  commences:  the 
or  extremity  suddenly  becomes  protruded,  the 
lar  fluid  empties  itself  into  the  protruded  portion, 
i  quickly  increases  in  volume,  so  that  the  opposite 
tnity  becomes  separated  from  the  filament.  At 
ime  time  the  spore  commences  to  turn  on  its  great 
in  such  a  manner  as  that  all  the  granules  which  it 
ios  aie  seen  to  pass  rapidly  from  right  to  left,  and 
left  to  right,  as  though  they  moved  in  the  interior 
lansparent  cylinder/  The  spore  soon  completely 
itself  from  the  filament^,  and  ^springs  with 
ity  into  the  surrounding  liquid,'  where  it  swims 
with  its  colourless  portion  always  in  advance, 
nay  then  be  seen  to  be  surrounded  by  a  tolerably 
transparent  membrane.  It  continues  revolving 
axis,  at  the  same  time  that  it  moves  about  from 
to  place,  ^  In  general  it  quickly  reaches  the  edge 
glass  as  though  it  tried  to  escape ;  sometimes  it 
,  then  in  an  instant  afterwards  it  resumes  its 
^'  The  cilia  which  cover  the  whole  surface  of 
ransparent  membrane  are  mostly  invisible  on 
at  of  the  rapidity  of  their  movement ;  but  when 
motion  is  retarded  by  putting  some  opium  into 
rater  containing  the  spore,  the  individual  cilia 

tte  remarkable  phenomena  may  occur  more  than  once.    Dr. 
says,  *I  haye  seen  the  operation  thrice  repeated  upon  the 
lament' 
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can    be   easily  discriminated.      With    regard   to  the 
first  appearance  of  these  Dr.  Hassall  says: — ^^I  ba?e 
observed  many  times  the  emission  of  the  spore  in  a 
coloured  infusion,  and  then  noticed  that  the  agitatioo 
of  the  granules  ^  by  the  motion  of  the  cilia  is  not  felt 
until  about  a  fourth  part  of  the  spore  has  been  released' 
Prof.  Unger  saw  these  spores  moving  about  for  mort 
than  two  hours,  but  when  they  were  covered  by  a  this 
slip  of  glass,  as  during  the  observations  of  Dr.  Hassal^ 
they  never  continued  to  move  for  more  than  nineteen 
minutes.    Dr.  Hassall  says  \ — '  The  vibration  of  the 
cilia  continues  sometimes  after  the  spore  is  arrested, 
only  it  is  not  sufficiently  strong  to  displace  the  cor- 
puscle.    When  at  last  they  cease  to  move,  the  contour 
of  the  spore  undergoes  during  some  instants  a  sensible 
alteration,  which  announces,  perhaps,  the  decomposi- 
tion or  the  absorption  of  the  vibratile  organs*.    The 
motionless  spore  delays  not  to  modify  itself  once  again: 
it  becomes  spherical ;  the  green  matter  distributes  itself 
equally,  and  the  episporic  membrane,  in  part  reabsorbed, 
at  last  escapes  the  sight ;  very  soon  germination  com- 
mences    .     .     .    The    elongation    of    the    filaments 
progresses,  one   might  say  by  eye-sight;    for  I  have 
measured  more  than  once  an  increase  of  three-twentieths 
of  a  millimetre  in  an  hour.*     The  formation  of  the 
spores  always  takes  place  during  the  first  hours  of  the 

*  Of  carmine  or  indigo. 

^  The  rapid  formation  and  disappearance  of  the  cilia  siirTOiin<)oi0 
these  spores  are  features  of  extreme  interest. 
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Hassall  says: — *The  tufts  which  I  have 
he  day  before,  and  which  presented  no  indi« 
the  formation  being  near  at  hand,  were  in 
>vered  with  spores  the  next  morning^  and 
lay  these  were  all  gathered  on  the  surface 
er  beginning  to  germinate/ 
ide  of  origin  of  the  so-called  ^  resting  spore ' 
ein'  in  (EJogonium  is  also  very  interesting, 
"ates  in  an  important  manner  the  question 
)w  considering.  In  this  case,  the  whole  of 
•lasmic  contents  of  one  of  the  cells  of  the 

to  produce  a  single  new  reproductive  ele- 
tead  of  many  as  in  the  case  of  Confervd 
xander  Braun'^  describes  the  changes  which 
as  follows : — ^  In  the  formation  of  the  rest- 
ills  of  (Edogonium  we  see  the  thickish  cell- 
x)mposed  of  greenish  coloured  mucilage, 
ii  chlorophyll  and  starch  vesicles,  which,  in 
vegetative  period  of  the  cell,  form  a  lining 

!  reproductive  products  which  do  not  develope  immedi- 
y  have  been  formed,  into  the  plant  which  they  may  ulti- 
e.  They  continue,  as  Braun  says, '  for  a  long  time  in  a 
rest,  during  which,  excepting  as  regards  imperceptible 
sses,  they  remain  wholly  unchanged.'  The  direct  germ- 
ming-spores  (gonidia,  or  zoosports)^  however,  pass  on, 
lution,  through  a  continuous  process  of  growth  and  de^ 
the  perfect  plant  is  reproduced.  These  latter  are  the  bodies 
ive  ah-eady  spoken  in  connection  with  Conferva  (trta^  and 
opment  in  Aeblya  proUfera  we  are  shortly  about  to  speak, 
cence  in  Nature '  (Translation  by  Henfrey,  Ray  Society), 


N 
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of  the  wall,  retreat  from  this  membrane,  ai 
themselves  as  a  new,  everywhere  free  cell,  d 
reproduction.  The  cell4xxly  thus  detached 
walls,  appearing  in  a  new  form,  with  a  new  i 
tion,  presents  itself  with  regular  form  and  b 
tefare  a  trace  of  the  cell  memhrane  sutsejue 
ing  it  is  visiile.  It  mostly  assumes  a  perfe* 
lar  form,  even  when  the  mother-cell  is  longis 
first  period  of  formation  its  surface  appears 
uneven  from  the  projection  of  chlorophyll  ve: 
whole  internal  cavity  is  filled  up,  and  of  c 
colour.  Very  slowly  and  gradually  there  ap 
a  simple,  afterwards  a  double,  and  sometin 
triple-layered  membrane  upon  the  surface, 
chlorophyll  and  starch  formations  in  the  coi 
gressively  vanish,  and  give  place  to  reddish 
which  at  length  occupy  nearly  the  whole  c 
give  the  seed-cell  a  brownish-red,  sometim 
red-lead  coloured  appearance^.    The  seed-c 

^  These  metabolic  changes  of  a  chemical  nature  taking 
the  cell  are  of  the  highest  interest.  We  have  alrea* 
sion  (note,  p.  105)  to  refer  to  the  properties  conferred  upon 
presence  of  much  oil  and  starch  in  its  interior,  and  we  shal 
(p.  912)  have  occasion  to  refer  to  the  metabolic  capa< 
products.  One  of  the  best  instances  of  the  conversion  < 
and  protoplasm  into  colourless  fatty  and  other  materials,  an* 
quent  reconversion  of  these  into  coloured  protoplasm,  is  t 
in  the  life-history  of  Palmoglea,  The  reproduction  of 
brought  about  by  the  imion  of  two  green  vegetative  < 
tents  of  which  are  converted  into  a  single  seed-cell.  1 
*  During  the  gradual  growing  together  and  fusion  of  the  t 
cells,  we  may  trace  the  formation  of  fixed  oil  step  by  ste] 
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ZjpiejiMre^  originate  in  the  same  way  as  those  of  (Edo- 
pmim^  with  the  single  distinction  that  in  the  former 
^  contents  of  two  chambers  become  united  to  form 
one  sced-celL' 

A  mode  of  production  of  zoospores  different  from 
that  already  described  by  Agardh,  and  resembling  more 
dosely  that  by  which  the  seed-spore  of  (Edogonsum  is 
piodaccd,  is  now  known  to  take  place  in  Achlja  fro- 
iftrM^-a  curious  little  plant  first  discovered  by  Prof. 

!    Goodsir,  on  the  gills  of  certain  gold  fish  which  were  in 

I 

\  an  unhealthy  condition.  It  was  formerly  thought  to  be 
a  species  of  Conferva,  but  it  is  now  regarded  by  the 
Hev.  M.  J.  Berkeley  and  others  as  merely  a  submerged 
oraquatic  form  of  a  Mucor.  This,  as  one  of  the  simplest 
teids  of  Fungi,  has  been  made  the  subject  of  a  most 
orefiil  investigation  by  Prof.  Unger^    When  in  the 

^^^ioning  of  the  combination,  the  cells  are  filled  with  finely  granular 

conterts,  in  which  we  see  arise,  during  the  progress  of  the  union,  shining 

^^  at  first  very  smaU  and  distant,  gradually  growing  larger,  coming 

IB  contact  and  coalescing,  so  that  the  intermediate  contents  almost  en- 

^y  disappear,  and  the  complete  spore  S4>pears  filled  merely  with  a 

■tttnre  of  oil  drops  of  the  most  varied  size.    During  this  process  the 

Q^lonr  of  the  cells  changes  from  green  to  a  light  yellowish  brown. 

^cgcbitiTe  cells  with  homogeneous  green  contents    originate  subse- 

fieotly  through  transformation  and  divbion  of  the  contents  of  these 

^'^^'pooas  seed-cells.'    (Loc.  cit.  p.  202.  and  PI.  I,  II.)    In  connection 

^  thb  subject,  also,  we  may  call  attention  to  the  fact  elsewhere 

(^^  Sec  Trans,  xxy.  18654  p.  84)  mentioned,  of  the  large  amount  of 

^  ^  frequenUy  existing  within  the  intestinal  canal  of  many  of  the 

^  Nematoids,  which  appears  to  result  from  the  more  or  less  direct 

"'asfonnttion  of  the  cellulose  taken  as  food. 

'  Hiniges  znr  Lebensgeschichte  der  Achlya  prolifera,'  in  '  LinnaBa,' 
'*43.  t.  iy. 

N  2 
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perfect  state,  it  consists  of  transparent  threads  of  ei 
fineness  packed  tt^ther  as  closely  as  the  pile  of  ^ 
Dr.  Lindley  says  > : — '  These  threads  are  terminat 
an  extremity  about  r^nr"  ^^  diameter,  consist! 
a  long  single  cell,  within  which  is  collected  some 
mucilage  intermixed  with  granules.  .  .  .  Thecoi 


Fio.  7. 
Development  of  Zoospores  in  Aeiiya  prolifrra. 

A.  Dilated  exlremily  of  a  filBment,  b.  sepanted  from  the  otber 

by  a  partition,  a.  and  containing  young  zoospores  in  pr 
fonnalion. 

B.  Club-bead  after  most  of  the  active  loospores  have  bcea  1 

(Unger.) 

'  -Vqietable  Kingdom.'  3rd  edition,  p.  17. 
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leceJJare  seen  to  be  in  constant  motion.  .  .  .  While 
is  going  on  the  end  of  the  cell  continues  to  grow,  and 
le  same  time  the  contents  collect  at  the  extremity, 
distend  it  into  a  small  head,  in  form  resembling  a 
immediately  after  which  a  chamber  is  formed  and 
the  first  stage  of  fructification  is  established.  The 
change  is  observed  to  take  place  in  the  granular 
jr  of  the  club-head,  which  itself  enlarges,  whilst 
ontents  gain  opaqueness,  and  by  degrees  arrange 
selves  in  five  or  six-sided  meshes,  which  are  in 
y  the  sides  of  angular  bodies  that  are  rapidly  form- 
t  the  expense  of  the  mucilage  above  mentioned, 
1  has  disappeared.  It  is  not  the  least  surprising  • 
of  this  history  that  all  the  changes  above  men- 
d  take  place  in  the  course  of  an  hour  or  an  hour  and 
r,  so  that  a  patient  observer  may  actually  witness 
creation  of  this  singular  plant.  At  this  time  all 
atal  energy  seems  directed  towards  changing  the 
lar  bodies  in  the  inside  of  the  club-head  into  pro- 
ting  germs  or  spores.  Meanwhile  the  club-head 
s,  and  gives  them  a  little  room,  and  they  in  their 
alter  their  form  and  become  oval.  Then  it  is  that 
tnessed  the  surprising  phenomenon  of  spontaneous 
on  in  the  spores,  which,  notwithstanding  the  nar- 
space  in  which  they  are  born,  act  with  such  vigour 
at  last  they  force  a  way  through  the  end  of  .the 
licad.  At  first  one  spore  gets  out  into  the  water, 
another  and  another,  till  at  last  the  club-head  is 
icd.    All  this  takes  place  with  such  rapidity  that 


i,-;.^  77//-.  />/:(. ixx/x^is  or  I iFi:. 

a  minute  or  two  suffices  for  the  complete  evacuation 
of  the  club-head  or  spore-chamber.  The  spores  when 
they  find  their  way  into  the  water  are  generally  egg- 
shaped,  and  swim  with  the  small  end  foremost.  .  . 
They  are  extremely  small,  their  breadth  not  exceediDg 
the  xVW  of  an  inch  ^* 

But  such  a  mode  of  formation  of  reproductive  spores 
is  by  no  means  a  method  peculiar,  amongst  Fungi,    ^^ 

*  The  formation   of  spores  in  Leptomihts  laeteut  is  said  by  Bra-"**" 
(•Rejuvenescence  in  Nature/  translation  by  Henfrey,  Ray  Society,  iS53» 
p.  270),  to  take  place  after  precisely  the  same  fashion.    The  two  pla-^^ 
are,  in  fact,  closely  allied.   In  both,  according  to  Braun«  the  dichotoix^^^*^ 
filaments  are  not  articulated,  they  are  merely  divided  into  section^    ^^ 
regular  strictures,  though  these  sections  have  been  taken  for  closed  c^^ 
He  says ; — *  It  is  only  in  the  fruit  that  isolated,  mostly  terminal  scctx^>^ 
are  actually  shut  off,  swell  up  to  some  extent,  and  become  spore  ca^»*^ 
And  yet  the  gonidia  of  Leptomitus  differ  from  those  of  AMya  by  b^^^ 
motionless.     In  one  of  the  white  rusts  (Cysiopus  eandidus),  moreover^     ^' 
gonidia,  produced  in  the  same  fieishion,  are  motionless  when  discbar'.S^ 
but  in  a  very  short  time  become  quite  active.    (Cooke's  •  Microsc^^P*^ 
Fimgi,'  and  Edit.,  1870,  pp.  127, 13a,  and  142.)    The  presence  or  a1 
of  motility  in  the  gonidia  probably  depends  upon  minute 
in  molecular  constitution.    We  are  quite  unable  to  give  any  pi 
reason,  however,  why  such  a  difference  should  exist  between  the  r< 
ductive  spores  of  nearly  allied  species  as  is  found  in  these  and  c^"*"^ 
cases.    In  connection  with  this  subject  it  may  be  mentioned  that  I    -^^^ 
frequently  seen  the  chlorophyll  vesicles  within  portions  of  the  fiIiL:^ca«n* 
of  a  Vaucberia  which  were  about  to  die,  exhibiting  slow  oscill^"*7*^ 
movements ;  though  in  the  healthy  plant  they  are  always  quite  s*^-^"^***! 
less.    And  similarly,  in  the  examination  of  specimens  of  human  *— •^^ 
with  the  microscope,  I  have  very  frequently  seen  certain  of  tb^^  ^^^ 
corpuscles  in  a  *  crenated '  state  oscillating  most  distinctly,  whilst     ^^ 
normally  shaped  red  corpuscles,  which  may  have  been  by  thei^      ^ 
similarly  isolated,  and  apparently  equally  free  to  move,  were  ncvcrt-**** 
quite  motionless. 
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^  somCTrtiat  anomalous  species  c^  which  we  have  just 

^Kcn  speaking.    A  similar  mode  of  origin  of  spores 

11,  in  fact,  very  common  even  in  highly  organized 

Fm^  and  also  in  very  many  Lichens.    Thus  it  pre- 

Tiils  universally  throughout  the  family  of  ascomycetous 


*».. 


FM.S. 
Dndopnent  of  Sporet  in  (ae  of  the  Ascomycetous  Fimei 

{J'trvpcrium  tndgart).     (Corda.) 

ing  difTerentiation  of  homogeneoas  matter  wilhin  asci. 

'^/  Appveit  re*olntion  of  this  into  distinct  rouDded  spores. 
F  tb^One  of  amu,  and  exit  not  of  separate  spores,  but  of  sets  of  fonr, 
<uh  contained  within  a  delicate  theou 

'"iigi ',  and  also  amongst  all  the  ascigerous  Lichens : 

'  Tile  Rev.  M.  J.  Beikeley,  our  leading  cryploijamic  botanist,  says  :— 
'  noeil  toother  point  of  immense  importance,  which  the  crypto|^mic 
^^■tntr  hu  in  a  peculiar  degree  the  power  of  studying  successfully. 
^"Sliani  often  ari*e  u  to  the  point  vhethci  cellular  s 
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and  in  these  cases  the  process  difiers  only  in 
minor  detail  from  that  which  takes  place 
In  the  genus  Feziza^  according  to  Corda^,  th< 
phenomena  may  be  observed.  The  conte: 
mother-cells,  or  spore-cases,  consist  origii 
mucus-like  substance  through  which  are  di£Fu 
ber  of  granules — though  there  are,  at  first,  n 
cells  or  nuclei.  In  the  midst  of  this  uniform 
material,  within  the  spore-case  oiPezs%a  acetai 
appears,  after  a  time,  a  row  of  globular-looki 
ranged  at  regular  distances,  which  are  spc 
Corda  as  drops  of  oil.  These,  however,  ar 
mucilaginous   nuclei  ^^  judging  from  their  r 

originate  without  the  presence  of  a  previous  mother  cell, 
tion,  for  instance,  whether  cells  are  ever  formed  in  Phse 
mere  organizable  sap,  as  presumed  by  Mirbel  (Ann.  des  S 
Second  S6nes,  vol.  xi.  p.  321)  in  his  paper  on  the  Date  Pa 
whether,  in  what  is  called  organizable  lymph  in  the  animi 
can  originate  freely,  without  pullulation  from  neighb 
with  which  the  lymph  is  in  contact.  . . .  Now  in  those  fn 
as  in  Spberia  and  Peziza^  the  reproductive  bodies  are  ger 
endochrome  of  the  fructifying  cells,  the  Cryptogamist  has 
watching  the  development  of  the  sports  from  the  very  n 
the  endochrome  commences  to  be  organized,  and  he  can  wi 
assert  that  they  art  not  ibt  ertatures  of  prewously  txisi 
tht  product  oftbt  endocbromt  itstJf.  He  will  be  able  to  < 
this  what  takes  place  in  the  embryo  sac  of  Phamogai 
be  better  prepared  to  appreciate  all  the  arguments  whic 
the  Schleidenian  Theory  of  the  formation  of  the  Embr 
duction  to  Cryptogamic  Botany,'  Lond.  1857,  p.  25). 

*  *  Icones  Fungonmi.' 

'  The  nuclei  seem  to  be  produced  in  this  case  after  a  h 
to  that  by  which  the  nuclei  of  the  common  water-net  ( 
originate.    The  process  is  a  most  important  one,  and  we  a 
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*e  spores  which  ultimately  appear.     Lighter  coloured 
^eas  are    then    produced    around    these    nuclei  — 

Wicre  that  the  nuclei  of  many  cells  in  the  human  body,  and  in  animals 

^'^'^y.are  not  nnfrequently  produced  after  this  fashion.    The  appear- 

*>«s  in  HydrodUtyon  are  thus  described  by  Braun  (loc.  cit.  p.  261), 

At  the  time  when  gonidia  are  about  to  form,  the  mucilaginous  contents 

^  the  oeUs  diange  altogether  in  appearance.    The  fresh  transparent 

•"^  becomes  more  opaque,  and  the  entire  mucilaginous  layer  acquires, 

^^  before  the  solution  of  the  starch  granules  is  completed,  a  peculiar 

/^^^r  appearance,  closely  beset  with  lighter  spots,  which  appearance, 

/^e?er,  is  only  distinctly  perceptible  when  the  focus  is  adjusted  to  ihc 

^^Om  of  the  mucilaginous  layer.    These  spots  are  not  the  starch 

*^^  undergoing  solution,  as  might  be  conjectured,  for  their  number  is 

^ch  larger  than  that  of  the  latter The  little  green  granules  of  the 

"j^tents,  which,  for  the  sake  of  brevity,  I  shall  call  chlorophyll  granules, 

^  «U)t  disappear  with  the  starch  grains,  but  separate  from  each  other  as 

j*^^  period  of  the  formation  of  the  spots,  and  become  accumulated  as 

^''k boundary  lines  between  the  brighter  spots. .  .  .  The  spots  themselves 

^^  romditb  tpacn  fret  from  granules  existing  in  the  thickness  of  the 

I^Ucilagioous  layer."     A  little  further    on   (p.   a 66)   Braun    says  :— 

^^ddng,  in  the  first  place,  the  import  of  the  light  spots  which  charac- 

^*^  the  first  stage  of  the  new  cell-formation  of  the  water-net,  it  is 

^^yond  doubt  that  they  represent  the  centres  of  so  many  new  cells,  con- 

^^^aently  are  either  actual  nuclei,  or,  since  we  cannot  detect  any  defined 

Outlines,  accumulations  of  albuminous  substance  analogous  to  nuclei.' 

***»  mode  of  formation  of  nuclei  was  also  fully  recognised  by  Nacgeli. 

*** sommed  up  his  researches  on  the  subject  in  the  following  manner : — 

*he  nucleus  originates  in  two  ways ;   either  free  in  the  contents  of 

***  odl  or  by  division  of  a  parent  nucleus  *  (Henfrey's  Translations,  Ray 

^***Qety  Pub.  1849,  P'  1^8).    The  nucleus  is  described  as  appearing  in 

^™*  embryo-sacs  of  SdUa  eemua  and  other  flowering  plants  in  the  form 

'^lobular  drops  of  perfectly  homogeneous  mucilage.*    The  nuclei  in 

*^*  large  ventral  glands  of  some  of  the  Free  Nematoids,  and  in  the 

^^"^nlar  substance  lining  the  longitudinal  muscles  of  others,  present 

i**'€cisely  similar  characters,  and  may  be  seen  represented  elsewhere 

^"^^  Trans.  1866,  PL  a;,  fig.  8,  and  PI.  a8.  fig.  33  c),  in  a  memoir 

^  tlie  anatomy  of  these  animals.    Whilst  still  unaware  of  the  views 

^^▼e  mentioned  concerning  the  origin  of  the  nucleus  I  had  come  to 


1 86  THE  BEGINNINGS  OF  UFE, 

owing  apparently  to  the  darker  granul 
mulating  in  the  form  of  zones  between 
as  in  the  formation  of  the  spores  of  Hy 
Later  still,  a  redispersion  of  these  granules  ta 
leaving  light  streaks,  instead  of  dark  granular 
lines,  between  what  are  to  be  the  future  spore 
a  solution  of  continuity  is  gradually  e£Fected 
the  several  spores,  in  the  situation  of  these  ligl 
and  also  between  them  and  the  membrane  of 
case,  till  the  whole  of  the  contained  pro 
matter  has  thus  been  broken  up  into  m< 
productive  bodies. 

The  phenomena  taking  place  within  the  s] 
of  Lichens  are  essentially  similar.  It  is  j 
Pineau  ^  that  the  process  can  be  best  w< 
Physcia  cHiaris^  on  account  of  the  large  and  tr 
nature  of  the  spore  cases  in  this  species, 
step  in  the  formation  of  the  spore  in  this 
said  to  be  the  formation  of  aggregations  am* 
granules  which  had  been  previously  dispersed 
out  the  mucilaginous  contents  of  the  spore-ca 

the  conclusion  that  such  was  the  mode  of  origin  of  the  m 
white  blood  corpuscle.  (See  p.  227.)  Here,  as  in  other  cases 
bounding-wall  of  the  nucleus  is,  like  the  cell-wall  itself,  a 
duction. 

In  certain  cases  the  nucleus  makes  its  appearance  befo 
plete  individuation  of  the  embryo  cell  has  taken  place, 
frequently  (as  is  the  case  with  white  blood  corpuscles), 
appears,  after  the  fashion  above  indicated,  in  an  already  i 
nucleated  embryo  cell,  or  plastide. 

*  *  Ann.  des  Sc  Naturelles,*  1848,  p.  99. 
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constitute  so  many  foci,  and  as  a  result  of  changes 
sibsequcntly  occurring  around  these  granule-heaps  the 
xpiate  spores  result. 

Another  most  striking  instance  of  the  new  origina- 
twQ  of  cells  within  the  tissues  of  plants,  has  been 
WTCiled  by  the  researches  of  Mr.  H.  J.  Carter  on 
danges  taking  place  within  the  internodes  of  different 
Dembers  of  the  family  Cbarace,f\  He  principally 
namined  specimens  belonging  to  the  genus  NitelU, 


Fw-g. 
Ondqnnait  of  new  cells  ia  ioteniodes  of  Cbara.    (Carter.) 

B.  Natural  anangement  of  cblorophyll  vesicles. 
h.  Commendng  rearrangement  of  these. 
t.  Aggregation  into  disciact  masses. 
d.  Assmnption  of  cell  form. 

"Wch  were  to  be  found  in  the  ponds  at  Bombay. 
"■  Order  to   make  his  description   clear,  the   reader 

'Olwralion*  <m  the  Development  of  Gonidia  from  the  CellKsDn. 
T^  of  the  Clamaa,'  by  H.  J.  Carter.  F.R.S.,  ■  Annals  of  Nat.  Hist.' 
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should  understand  that  the  branches  of  this  plant  ai 
made  up  of  elongated,  cylindrical,  and  transparea 
cells,  or  internodes,  of  a  greenish  colour.  On  micn> 
scopical  examination  it  has  been  ascertained  that  the 
colour  is  due  to  the  presence,  immediately  beneath 
the  cell-wall,  of  a  layer  of  green  chlorophyll  disb  or 
vesicles,  each  of  which  is  about  -y^Vrr"  ^^  diameter. 
These  are  uniformly  distributed,  except  along  a  spirally 
disposed  line — which  is  therefore  colourless — on  cadi 
side  of  the  cell.  In  the  situation  of  this  line  (along 
which  the  green  disks  are  absent),  the  'mucus' or 
protoplasmic  layer  has  also  less  depth  than  it  has  over 
other  parts  of  the  surface  of  the  internode.  The  layct 
of  green  disks  lies,  in  fact,  in  the  outermost  or  supct 
ficial  portion  of  the  protoplasmic  layer,  whilst  with* 
this  is  situated  a  colourless  axial  fluid.  The  inr>* 
surface  of  the  protoplasmic  layer  is  irregular  and  und^ 
goes  constant  changes  of  form.  It  is  these  contri- 
tions of  the  mucus  or  protoplasmic  layer,  taking  pla.^ 
in  a  regular  manner,  which  communicate  their  motic^ 
to  the  contained  fluid,  and  thus  produce  the  so-call^ 
'cyclosis'  of  the  cell-contents.  With  these  explaa- 
tions  the  reader  will  readily  understand  Mr.  Carter" 
description.  He  says:— 'All  are  aware  that  in  tfc 
fresh-water  Algae  commonly  called  Confervse,  the  ft>' 
mation  of  the  spore  is  preceded  by  a  breaking  up  < 
displacement  of  the  cell  contents,  after  which  a  co^ 
densation  and  rearrangement  of  them  takes  place,  an 
they  are  then  invested  with  a  capsule  which  remai*- 
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,  until  the  time  arrives  for  the  spore  thus  formed 
rminate.  Now,  under  certain  circumstances, 
I  appear  to  be  the  apfroaching  dissolution  or  death 
'  celUnoall^  a  similar  process  takes  place  in  the 
rf  the  Characeas;  and  following  this  from  the 
ining,  we  find,  that  it  first  commences  with  a 
tion  of  the  circulation,  after  which  the  lines  of 
I  disks  forming  the  green  layer  become  displaced, 
as  if  obeying  a  still  continued  but  inappreciable 
JDicnt  of  the  mucus-layer,  they  roll  themselves  up 
lines  which  assume  a  more  or  less  irregular  arrange- 

wross  the  intemode,  or  into  groups  of  different 
,  more  or  less  connected  by  narrow  lines  of  mucus 
Jingle  disks,  so  as  to  present  an  areolar  structure 
ntact  with  the  inner  surface  of  the  cell-wall.  TTie 
stage  is  the  separation  of  the  disks  into  still  more 
let  groups,  which,  having  become  more  circum- 
rf  and  circular,  leave  the  cell-wall  and  evince 
tain  amount  of  polymorphism  and  locomotion, 
cavity  of  the  intemode  hitherto  rendered  turbid 
c  breaking  up  of  the  green  layer,  now  clears  off 
ecomes  transparent,  save  where  the  circular  masses, 
1  have  changed  from  their  original  green  into 
wnish-green  or  yellow  colour,  intercept  the  light. 

a  day  or  two, — but  the  time  seems  to  vary, — 
yecn  disks  become  entirely  brown,  and  the  group 
ling  a  more  circumscribed  and  circular  form, 
5  that  it  is  surrounded  by  a  transparent  globular 
wall];  this  we  shall  henceforth  call  the  gonidial 
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cell.'  I  have  also,  of  late,  since  having  become 
quainted  with  these  observations  of  Mr.  Carter, 
peatedly  watched  the  formation  of  independent  cc 
of  this  kind  within  the  filaments  of  Vaucheria — resulti: 
from  modifications  taking  place  in  what  were  at  fii 
irregular  masses  of  protoplasm  containing  chloroph] 
granules.  A  definite  cell-wall  is  soon  fi^rmed  aroui 
these  variously-sized  masses,  whilst  the  most  strikii 
changes  also  take  place  in  the  substance  of  the  ncv 
constituted  cell.  These  changes,  however,  will  be  mo 
fully  described  in  a  later  chapter. 

Hitherto  we  have  been  speaking  of  Cryptogam 
plants,  but  through  the  admirable  researches  of  He 
meister  ^  we  know  that  just  as  good  instances  of '  fire 
cell  formation  are  to  be  met  with  amongst  the  Ph 
nerogamia,  or  o  dinary  flowering  plants.  The  invt 
tigation  of  the  subject  here,  is  however  much  mc 
difficult  for  the  observer.  There  is  this  diflFerence  alf 
with  these  more  complicated  plants,  that  the  embryo-Si 
or  mother-cell,  itself  persists  for  a  time,  instead  of  bei 
destroyed  by  the  reproductive  process.  We  will  qu« 
the  description  given  by  Braun^  of  the  phenomc 
taking  place  during  the  formation  of  the  seed  in  « 
of  the  flowering  plants.  He  says : — ^  The  embryo-a 
or  germ-sac,  as  it  is  termed,  is  the  last  cell  of 
mother  plant,  the  uppermost  in  the  axial  row  of  ^ 
of  the  ovule,   destined   to   become  the   focus  of 

'  '  Der  Enstehung  des  Embryos  der  Phanerogamen/  1849. 

•  Loc.  cit.  p.  276. 
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ction,  the  mother-cell  of  new  individuals;  the 
inal  vesicles  forming  in  it  are  the  real  rudiments 
e  new  individuals,  the  unicellular  germs  of  new 
s.  They  arc  formed  already  before  the  period  of  the 
wing  of  the  pollen,  as  frte  nuclei  originating  in  the 
r  part  of  the  embryo-sac  (the  end  turned  to  the 
of  the  nucleus  and  the  micropyle),  in  which  the 
plasm  is  principally  accumulated.  Around  these 
;i  soon  appear  sharply  defined  masses  of  contents, 
h  are,  as  it  were,  "  cut  out  '*  of  the  general  mass  of 
Mits  of  the  embyro-sac.  The  number  of  germinal 
:lcs  is  mostly  three,  rarely  more,  .  .  .  Ordinarily 
one  of  them  becomes  developed  into  an  embryo, 
outstripping  the  others  in  growth  even  before 
lization — or  the  latter  even  die  away  and  dis- 
!  about  that  epoch/  After  mentioning  the  mode 
^hich  it  comes  into  contact  with  the  pollen  tube, 
in  says : — ^  In  other  respects  the  germinal  vesicle 
lins  wholly  free  during  its  development  into  sus- 
ior  (vorkeim)  and  embryo;  becoming  developed 
Kmt  any  connection  with  the  other  phenomena 
cell  formation  in  the  embryo-sac  ...  so  that  it 
rds  us,  not  merely  in  its  present  formation,  but 
in  its  further  behaviour,  the  example  of  the  freest 
roost  independent  cell-formation  which  the  plant 
bits.'  During  the  process  of  formation  of  the 
Qinal  vesicles  and  certain  transitory  cells  at  the 
'f  end  of  the  embryo-sac,  this  latter  as  a  whole 
fK  to  retain  its  vitality ;  its  primary  nucleus  usually 
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survives  and  may  even  increase  in  size  after  the  f 
mation  of  the  germinal  vesicles.  According  to  Braii 
^  The  nucleus  of  the  embyro-sac  is  only  dissolved  dorij 
or  shortly  before  the  period  of  fertilization,  and  the 
a  profound  reconstruction  commences  in  the  interic 
of  the  embyro-sac,  expressed  in  the  production  c 
daughter  cells  likewise  free,  but  so  numerous  that  the 
soon  exhaust  the  independent  life  of  the  former,  aa 
the  entire  cavity  becomes  filled  up  by  the  cdierin 
newly-formed  cells.  The  tissue  produced  in  thiswa 
is  the  endosperm,  or,  as  it  is  called,  the  albumen  c 
the  seed,  in  which  the  developing  embryo  of  the  ne" 
plant  then  becomes  imbedded.  The  endosperm  cell 
like  the  germinal  vesicles,  originate  as  free  nuclei  i 
the  fluid  of  the  embryo-sac,  which  subsequently  become 
surrounded  by  masses  of  contents  and  clothed  wil 
membranes.  The  cells  thus  formed  very  soon  combi^ 
into  a  continuous  parenchyma,  in  which  there  is  % 
longer  evidence  of  the  origin  from  free  cells.*  Such 
the  mode  of  origin  and  development  of  the  seeds 
most  of  the  flowering  plants. 

If  we  now  turn  our  attention  to  some  of  the  method 
by  which  reproductive  germs,  or  ova,  are  produced 
the  members  of  the  Protistic  and  Animal  Kingdora 
we  shall  find  these  strikingly  analogous  to  the  modes^ 
origin  of  reproductive  units,  such  as  we  have  just  b^ 
citing,  amongst  the  various  members  of  the  Vegeta- 
Kingdom. 

The  first  example  to  which  we  shall  refer  will  be 
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fcooess  of  reproduction  recently  described  by  Professor 
Haeckel  as  occurring  in  Frotomyxa  aurantiacay  one  of  the 
lowest  amoeboid  creatures,  belonging  to  the  group  Mo- 
wr«,  found  by  him  on  a  shell  dredged  from  deep  water 
sear  the  Canary  Isles.    It  existed  in  the  form  of  a  mass 
of  jelly-like  substance  of  a  reddish-yellow  colour,  visible 
wen  to  the  naked  eye,  the  peripheral  portions  of  whose 
body-mass  were   prolonged   into  moving,   branch-like 
appendages.    These  very  frequently  became  more  or 
kss  united  and  interlaced  amongst  one  another,  whilst 
tbe  ix)mogeneous  body-substance  displayed  in  its  inte- 
rior only  a  number  of  small  granules,  interspersed  with 
larger,  highly  refractive,  and  more  or  less  spherical  par- 
tidesj  and  also  a  variable  number  of  merely  temporary 
spaces,  or  vacuoles,  containing  fluid.    The  granules, 
particles,  and  vacuoles  were  invariably  found  to  increase 
in  direct  proportion  to  the  amount  of  food  which  the 
^ntonyxa  had  previously  taken.     After  a  time  some  of 
the  highly-fed  individuals  were  seen  to  undergo  a  pro- 
ttss  of  encystment.     They  began  to  retract  their  vari- 
^  branch-like  pseudopodia^  and  to  eject  all  deMs  of 
^  that  might  still  remain  within   their   body-sub- 
stance,  whilst  the  vacuoles  in  their  interior  diminished 

• 

^n  number.  After  some  days,  instead  of  the  previously 
h^anched  Plasmodium,  little  orange-red  spherical  balls 
^crc  to  be  seen.  The  external  layers  of  these  gradu- 
%  became  more  and  more  defined,  and  afterwards  the 
^^tracted  body-mass  was  found  to  be  enclosed  within 
a  thick  colourless  envelope  or  cyst.  The  vacuoles  and 
vou  1.  o 


THE  BEGINmNGS  OF  LIFE. 


lat^  particles  gradually  disappeared  until  nothing  but 


Repioduction  of  Protomyxa.    (Haeckel.) 

a.  Pmlomyaa  aurimdaca  encysted ;  a  bomc^eneous  ball  of  proto|J«9n_ 

sarrounded  by  a  Etruclurcless.  gelatinous  covering,      x  300. 

b.  The  same  in  later  stage  of  developmeat.    The  plasma  ball  completd^ 

divided  into  small  globular  bodies,      x  300. 
t.  Cjrst  ruptured,  showing  exit  of  sclive  spores,  having  long  tail-likK. 
prolongations.    After  a  time  these  become  stationary ;  Ihey 
their  tails,  and  protrude  instead  a  number  of  pointed  ii 
processes.    In  this  condition,  they  are  tiue  amixboid  ocati 
still  without  vacuoles   or  nucleus  in   their  homogeneoo* 
substance. 


a  few  fine  granules  were  left  scattered  throu^  1 
otherwise  perfectly  homogeneous  protoplasm  ma 
Then,  in  the  course  of  a  day  or  two,  and  after  it  \ 
retracted  somewhat  from  the  hyaline  capsular  w; 
traces   of  segmentation   revealed   themselves    in  t 


*  •%. 


THE  BEGINNINGS  OF  LIFE.  195 

enclosed  mass  of  protoplasm;   whilst  by  a  continu- 
ance of  the  process  it  eventually  became   broken  up 
into  a  number  of  small  reddish  balls  about  y^W  ^^ 
diameter.    After  the  lapse  of  about  a  week  Professor 
Haeckel  noticed  that  a  slow  movement  of  the  naked 
Protoplasm  masses  had   commenced  within  the  cyst. 
He  says : — ^  The  motion  consisted  in  no  regular  rota- 
^on  of  the   balls,  but    in   a    slow  change  of  place 
^^flg  them,  in  which  they  crowded  in  all  directions 
^^^  each   other  without   any  fixed    order.    .    .    . 
^^e  hours  afterwards  the  motion  had  become  livelier ; 
^  the  red  balls  had  assumed  a  pear-shaped  form,  in 
^'Uch  one  end  was  produced  into  a  fine  point.   In  their 
^^scd  motions  within  the   cyst   they  changed  the 
^Pc  of  their  soft  pear-shaped  bodies  many  times,  be- 
.  *^iiig  sometimes  drawn  out  into  a  longer,  sometimes 
^^^  a  shorter  club-shaped  body,  and  sometimes  they 
/^^^^me  twisted.     .     .     .     Next  day  I  found  one  of 
^  cysts  burst;  the  empty  collapsed  wall  lay  shrivelled 
the  bottom  of  the  watch  glass,  and  a  great  number 
->       ^mall  club-  or  pear-shaped  red  bodies  moved  about 
^  ^ly  in  the  sea-water.    It  now  appeared  that  the  red 
^Is  were  the  sporules  of  the  Protomyxa,  and  that  they 
^^ced  about  after  issuing  from  the  cyst  like  Flagellata, 
like  the  sporules  of  Alg«.'     These  germs  were  quite 
^'^ple  and  homogeneous  throughout — no  nucleus  or 
^^^^tractile  vacuole  was  to  be  seen,  no  limiting  mem- 
^  ^"'^Jie,  but  only  a  yellowish-red  protoplasmic  substance 
^    which   were  imbedded  a  few  fine  granules.    The 

o  % 
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swarming  movements  of  the  germs  were  precisely  i 
lar  to  those  of  the  sporules  of  the  Myxomycetac  \ 
movement  is  progressive,  accompanied  by  a  rot 
or  lash-like  action  of  the  cilium,  which  consists  m 
of  a  prolongation  of  the  body-substance  of  the  § 
The  swarming  time  of  the  Protomyxa  spores  seen 
last  at  least  one  day.  On  the  day  following  th; 
their  exit  from  the  cyst.  Professor  Haeckel  m 
found  them  lying  quiet  at  the  bottom  of  the  i» 
glass.  And  then,  he  says,  ^  the  tail  of  the  spore 
drawn  in,  and  the  pear-shaped  form  of  the  body 
exchanged  for  that  of  an  irregular  roundish  disc,  w 
star-shaped  circumference  was  drawn  out  into  se^ 
processes.  The  reddish-yellow  plasma  bodies  now  < 
pletely  resembled  in  outline  the  spores  of  Mjxom 
when  they  had  come  to  rest;  or  likewise  Ammha  ta 
of  Ehrcnberg.  .  .  .  Most  of  the  processes  were  sir 
but,  at  this  stage,  the  largest  already  began  to  d 
themselves  dichotomously,  or  repeatedly  to  ramify  t! 
selves.  The  protrusion  and  retraction  of  the  i 
changing  processes  was  accomplished  throughou 
the  same  manner  as  in  the  lively  moving  speci* 
Amoeba.*  These  separate  amoeboid  creatures  now  b 
to  take  food  for  themselves ;  they  rapidly  incn 
in  size,  and  then  also  began  to  throw  out  more  num< 
and  complex  processes  from  their  circumference.  1 
too,  they  first  developed  large  refractive  particles  in 

*  These  however,  even  at  a  similar  early  stage,  art  provide<i 
a  contractile  vacuole. 
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interior,  as  well  as  the  so-called  vacuoles — the  latter, 
^Wch  constantly  change  in  size  and  in  situation,  being 
"s^Jally  filled  with  fluid  contents  ^ 

Another  most  interesting  mode  of  development  of 

'^T>roductive  germs  occurring  in  the  higher  nucleated 

forms  of  Amoebae — the  Frotoplasta  of  Prof.  Haeckel — 

^  been  described  by  Nicolet^.  In  these  higher  Amcebsc, 

^idi,  though  they  continually  change  their  form,  do  not 

^nd  out  complicated  processes  like  those  of  the  Froto- 

*r*«,  multiplication  takes  place  by  means  of  fission  and 

also  by  germ-formation.     The  process  of  germ-forma- 

tion^closely  resembling  that  by  which  the  spores  are 

P'^oduced  in  Conferva  area — only  takes  place  towards 

^'^^  close  of  the  life  of  the  parent  Amoeba,  whose  exist- 

^^ce  is  terminated  by  the  setting  free  of  its  numerous 

P^'^^ny.    At  a  certain  stage  in  the  life  of  one  of  these 

^'^ividuals — such  as  would  have  been  named  Amotha 

^'^^eps  by  Ehrenberg — the  granules  contained  in  the 

f^^     Although  a  Protomyxa  is  capable  of  increasing  much  in  size  and 

w    **^Plexity  by  the  ordinary  processes  of  growth,  there  is  also  another 

|.    ^^^Qss  by  means  of  which  the  larger  individuals  are  produced.     Pro- 

^^^r  Haeckel  says,  *I  could  many  times  immediately  follow  in  the 

J*^^i>««  of  Protomyxa  under  my  eyes  the  formation  of  a  plasmodium  by 

^?*  ^[rowing  together  (concrescence)  of  two  or  more  Amoebae.*    Some- 

^v^^^^^s  it  happened  that  two  Amoebe,  attaching  themselves  to  a  single 

^    ^"^cula,  would,  by  drawing  themselves  over  it,  meet  in  the  middle 

^^'^  then  become  united  to  one  another.    After  the  process  of  digestion, 

^^^^  imited  plasma-mass  would  free  itself  from  the  silicious  diatom  shell, 

^"^  would  remain  as  a  single  individual.    To  such  fusions  of  originally 

*^t.inct  living  things  we  shall  have  again  to  refer. 

^   Thompson's  Arcana  Naiura,  1859  (Paris),  p.  27. 
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midst  of  its  body-substance  are  said  to  come  togett 


Fig.  II. 
Formation  of  reproductive  units  in  Amatha,    (Nicolet) 

a.  AmcBba  princeps  (£hr.)  containing  refractive  granules  and  particles 

its  interior. 

b,  c,  d.  Different  stages  in  aggregation  of  granules. 

^  /.  g*  h.  Showing  gradual  concentration  and  increase  in  size  of  rep 
ductive  mass,  with  corresponding  diminution  and  contraction 
surrounding  substance. 


here  and  there  so  as  to  form  much  larger  refracti 
particles.  These  latter  unite  again  to  form  still  larg 
masses,  and  ultimately,  after  several  steps  of  this  kir 
only  to  be  followed  by  prolonged  observation,  t 
diflFerent  granule  heaps  collect  into  a  single  ms 
which,  at  first,  is  irregular  and  mamillated,  but  gradua 
:j^  becomes  smooth  and  assumes  an  ovoid  or  spheri 
form.  According  to  Nicolet,  the  contractile  body-s" 
stance  of  the  animal  diminishes  and  becomes  m 
transparent  in  direct  proportion  to  the  increase  in  s 
of  this  central  aggregation  of  granules.  The  mcp 
ments  of  the  Amoeba,  also,  become  slower;  it  rtmm 
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a  longer  time  stationary  in  the  same  situation.    It 
WIS  no  more  food,  and  sends  out  only  short  projec- 
>•   When  the  central  mass  has  attained  its  maxi- 
^^  and  when  no  further  trace  of  granules  re- 
s  in  its    glutinous  body-substance,  the  Amoeba 
lets  and  becomes  rounded,  by  collecting  its  out- 
portions  around  the  enclosed  and  altered  granular 
Then,  after  a  time,  suddenly  and  with  the  rapidity 
btning,  the  germ-mass  breaks  up  and  disappears, 
Qg  out  around  the  space  which  it  had  previously 
led  myriads  of  oblong  particles,  each  furnished 
I  thread-like  flagellum  ^    These  dart  about  in  the 
and  closely  resemble  very  minute  Astasia. 
the  great  majority  of  animals  ova  are  produced 
germs  arising  either   (if)   in  the  upper  part  or 
extremity  of  an  ovarian  tube,  or  else  {h)  in  the 
of  the  stroma  of  a  more  or  less  solid  organ, 
an  ovary,  where  each  is  invariably  lodged  within 
ivisac*  or  so-called  Graafian   follicle.    The  best 
pies  of  the  first  mode  of  origin  of  ova  are  to  be 
wth  amongst  Nematoids  and  Insects;  whilst  in 
and  throughout  the  Mammalian  series,  on  the 

\  the  case  of  Conftrva  <Krea^  however,  the  granules,  instead  of 
ing  ^m  one  another  at  once  and  with  such  rapidity,  are  stated 
rdh  to  detach  themselves  one  by  one  from  the  spherical  heap  of 
s  similarly  formed.  Then,  however,  they  also  move  about  with 
tpidity.  The  suddenness  of  the  dispersion  reminds  one  of  the 
aena  of 'diffluence'  which  have  been  observed  in  certain  Amoebae 
liated  Infusoria,  and  to  which,  indeed,  Nicolet  calls  the  attention 
'eaders. 
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contrary,  we  are  presented  with  typical  instances  of 
their  origination  in  the  midst  of  the  more  or  less  solid 
tissue  of  the  ovary. 

The  development  of  ova  has  been  studied  perhaps 
with  the  greatest  success  amongst  members  of  the  order 
Nematosdea ;  for,  on  account  of  the  simplicity  and  trans- 
parency of  the  ovarian  tubes,  the  whole  process  of  egg 
formation  can  be  watched  in  these  animals  more  readily 
than  in  many  others.    As  pointed  out  by  Dr.  Nelson ' 
and  by  Prof.  Allen  Thomson  \  the  process  of  egg  de- 
velopment   commences   in    the  Ascariies^  or  Round 
Worms,  by  the  appearance  *of  minute  cell-germs  ifl 
the  upper  part  of  the  ovarian  tube,  immediately  ad- 
joining   its    csecal    termination.'     Leaving   aside  all 
theories   as   to  the   precise   mode  of  origin  of  these 
'  cell-germs,* — ^since  this  is  a  question  on  which  wc 
possess  no  decisive  evidence — it  is  admitted  by  Dr. 
Thomson  himself  that  *  some  from  the  highest  part  arc 
mere  molecules^  although  others  a  little  forther  dowt 
have  already  assumed  the  appearance  of  minute  nud' 
ated  cells.     These  nucleated  cells  constitute  the   - 
called   'germinal   vesicles.*    Concerning   the  rema- 
ing  steps  in  the  formation  of  the  ovum  in  these  aninr 
there  is  the  greatest  unanimity  of  opinion  amor 
anatomists;   so  that,  although  we  avail  ourselves 
the  description  given  by  Dr.  Allen  Thomson,  it  r 

'  *  Reproduction  of  the  Ascaris  m}'stax/  in  Philosophical  Transa 
1852. 
*  •  Cyclopsrdia  of  Anatomy  and  Physiology,'  vol.  v.  1859,  P*  '^ 
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"understood  that  his  opinions  arc  in  accordance  with 
™0M  of  other  naturalists.  The  second  stage  in  the 
'°™«tioa  of  the  ovum  has  to  do  with  the  deposit  of  the 
'itclline  w  yolk-substance  around  the  germinal  vesicle. 


Early  forms  of  ova  in  Aicorit  myilaa.    (Thomson.) 
*.  Molecular  condilion. 

fc,  (.  Geiminal  vesicles  becoming  surrounded  by  yolk  granules. 
</,  (.  In^^lar  fonns  of  ova  due  to  light  packin);. 
-f.  Idter  stage  showing  lir&t  traces  of  vitelline  membrane. 

*■-  Thomson  says: — 'The  granules  of  the  yolk-sub- 
*-*ice  very  soon  collect  round  the  exterior  of  the  germi- 
*1   vesicles'.      These  granules  appear  at  first  to  be 

Id  tome  cases,  however,  the  order  is  different.  The  germinal 
^*i«le  may  at  first  be  surrounded  by  more  or  less  of  a  clear  viscous 
'^teriil  in  wbicb  giaaoles.  after  a  time,  make  their  appearance.  Thus 
****i»or  Thomson  (ells  us  (loc,  cit.  p.  133)  that  •  In  roost  animals 


:.02  ////;  /.v;';/.\'.\7.\'(;.s  n/-  ufi-.. 


suspended  in  fluid ;  but  a  little  later,  as  they  come  t 
collect  round  the  germinal  vesicles,  they  are  unit 
together  in  a  mass  by  a  firmer  but  clear  basement  sul 
stance,  and  when  the  minute  ova  have  somewhat  i 
creased  in  size,  the  outline  of  this  clearer  baseme 
substance  of  the  yolk  is  distinguishable.     There  is  no^ 
however,  at  first  any  external  or  vitelline  membran 
oF  this  Dr.  Nelson  and  I  have  convinced  ourselves 
repeated  observations  in  Ascaris  mjstax.    .    . 
ova,  as  they  continue  to  descend  in  the  vitelligeno 
part  of  the  tube  in  immense  numbers  closely  pri 
together,  assume  the  form  of  subtriangular  flatten 
Ixxiies.    ...    A  prodigious  number  of  ova  are  th 
packed   together  in  a   very  small  space/     In  ma 
instances  it  is  only  after  fecundation  has  taken  pla< 
that   the  vitelline    membrane    seems  to   become  d 
veloped.     The  production  of  this  is  usually  spoken 
as  the  third  stage  in  the  formation  of  the  ovum.    '. 
all  the  simpler  kinds  of  ova  it  is  supposed  to  result- 
after  the  fashion  of  the  cell-wall  generally — ^from  ^ 
consolidation  of  the  superficial  part  of  the  basem 
substance '  of  the  yolk  ^ 

the  yolk-substancc,  when  it  first  begins  to  be  formed,  is  scarcely 
lar,  and  in  some  instances  quite  clear^  consisting  of  a  viscous 
.    .    .    Very  soon,  however,   and   in   many  animals  indeed  from 
first,  fine  opaque  granules  make  their  appearance^  as  if  by  prec{ 
deposit  in  tbz  clearer  basement  substance^  and  thus  the  primitive  yolk 
stance  of  the  ovum  in  all  animals  is  formed.* 

^  This    mode  of  formation    of  the   ovum   in  Asearis  co 
with  the  mode  of  origin  of  cells  described  by  the  npholders 
'  investment  theory  *  (UmhuUungs-theorie). 
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"efcrring  now,  for  a  time,  to  the  other  mode  of 
"■""ation  of  the  ovum,  we  may  state  that  the  question, 
''"'ceming  which  there  is  the  most  uncertainty  (and 
*  the  same  time  one  to  which  a  considerable 
'Dtertst  attaches)  is  'whether  the  ovisac  is  to  be  re- 
s^dcd  as  the  vesicle  of  evolution  of  the   ovum,  or 


Fra.  13. 
oatic  representat[on  of  section  of  two  Graafian  Fotltcles  or 
Oristus  in  ilifTcrcnt  stages  of  advancement  in  the  ovary  of  a  mam- 
miliv;  enlar);^  abont  ten  dhmeters.     (Cosle.) 
~     •*eriloaeal  covering  of  the  ovary. 
~    Oniian  stroma. 
***-    The  (wo  laj'ers  of  Ihe  ovisac 

5*.  Membrana  granalosa,  near  which  is  the  discus  granulosus,  wilh  the 
onim  embedded. 

Whether  the  ovum,  or  parts  of  it  at  least,  are  previously 
•OriDcd,   and   the   ovisac   is   afterwards    superadded'?' 

'  'Cyclopod.  of  Anat.  and  Fhys.'  vol.  v.  p.  554.  In  its  later  stages 
^^  (mim  of  all  the  higher  animals  is  found  to  be  contained  within 
*  woa  distinct  ovisac  or  Graalian  vesicle— that  is,  within  a  com. 
•*>ntjvely  large  receptacle  filled  with   a  granular  Huid,  in  which  the 
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Martin  Barry  and  also  Allen  Thomson  incline  to  the 
latter  view,  whilst  BischoflF,  Valentin,  and  others^ 
maintain  that  the  germinal  vesicle  of  the  ovum  first 
appears  *wtthin  the  ovisac,  and  that  the  latter  is  thrre- 
fore  the  primary  formation.  It  is  stated,  however, 
both  by  Dr.  Martin  Barry  and  Dr.  Thomson,  that  the 
ovisac  (if  it  does  precede)  could  only  be  formed  ^a  vciy 
short  period'  before  the  rudiments  of  the  ovum,  because 
even  where  it  is  most  minute  it  is  found  to  co-exist 
with  the  germinal  vesicle.  And  at  this  early  stage  (as 
they  and  all  others  admit)  there  is  only  a  trace  of  the 
future  yolk,  and  none  of  the  cells  which  subsequently 
compose  the  membrana  granulosa.  The  development  of 
these  cells,  at  all  events,  and  the  further  development 
of  the  ovum,  undoubtedly  take  place  ivithm  the  ovisac. 

ovum  appears  as  an  almost  free  anntomical  element,  situated,  »t  t 
certain  portion  of  its  circumference,  in  the  midst  of  a  granular  and  roAv- 
mcntary  cell  stnicture.    At  its  period  of  maturation,  the  Graafian  vcsid* 
bursts  and  sets  free  the  contained  ovum.    We  extract  the  following 
from  Dr.  Thomson's  article : — *  In  the  human  ovary  these  follicles  ^^ 
firm  spheroidal  sacs  which  attain  when  mature  an  average  size  of  ab**** 
^  of  an  inch.     In  the  ovaries  of  women  during  the  child-bearing  pcii<^' 
a  number  of  smaller  follicles  lie  throughout  the  greater  part  of  the  &^^ 
stance  of  the  ovary ;  the  more  developed  follicles  being  usually  ^^^^ 
towards  the  free  surface,  but  at  some  little  distance  from  it.    As  tl*^ 
enlarge  and  approach  maturity,  the  ovarian  substance  seems  to  give  ^^ 
to  them,  or  to  become  gradually  thinner  between  the  follicles  and  ^7* 
outer  surface  of  the  ovary,  so  as  at  last  to  leave  almost  nothing  ba* 
covering  membranes  of  the  ovary  at  the  most  projecting  part.     . 
The  following  are  the  results  of  a  few  measurements  made  by  my 
and  others  of  the  external  diameter  of  the  maturt  ovarian  wmm, 
man  tJ|tj.  dog  yjhr.  cat  f^br.  rabbit  yj^,  rat  5^,  mouse  ^.  pig 
cow  iln*  guinea-pig  y^  of  an  inch/ — (Loc.  cit  pp.  81-83.) 
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M-  not  the  first  rudiments  of  the  ovum,  the 
reside,  is  formed  first  or  formed  within  the 
St  therefore  still  be  considered  an  open  ques- 
ugh  the  balance  of  evidence  seems,  perhaps, 
re  favourable  than  adverse  to  its  secondary 
;  and  if  this  were  the  case,  the  process  would 
^emble  that  by  which  the  vegetable  ovule 
all  flowering  plants.  Turning,  however,  to 
on  of'  the  mode  of  formation  of  the  ovum 
Allen  Thomson  tells  us  that  the  earliest 
its  development   are   best   traced   in  such 


km  of  the  Ororum  Slroma  and  Ovisacs  of  tbe 

Thrush.    (.Thomson.) 
itc  of  ova  to  be  perceived  in  ovarian  stroma,  consisting. 
inule  grtnnlar  spots ;  neit  of  clear  points  within  a  granular 
id  thiidl]',  of  small  genninal  vesicles  surrounded  by  the 
granulai'  dark  yolk-substance. 

itages  of  formation  of  the  ovisac  round  the  small  ova: 
n  is  *een  lo  line  (he  sac,  and  the  germinal  vesicle,  with 
lUy  a  single  macula,  is  now  apparent. 

and  ovum  in  a  more  advanced  stage. 
th  epithelial  lining. 
TUiQlar  yolk. 


I     I 

'  )f  iIh"  ihriish  to  be  ;is  follows:   hrst 
niinulc  i!;iMniiLir  spHs;  next,  of  cl 
minute  granular  mass ;   and  third, 
vesicles  surrounded  with  the  min 
yolk-substance/     Afterwards  the  < 
form  around  the  rudimentary  ova,  I 
we  meet  with  mere  granules  or  n 
representatives  of  the   future  ova 
however,  appear  to  belong  to  the 
Nematoid  ovarian  tube  those  whic 
representatives  of  the  future  germ 
Dr.  Allen  Thomson,  who  is  quite  i 
that  cell  elements  can  spring  up  Je 
less  compelled  to  make  the  followin 
ing  the  origin  of  the  germinal  vesic 
as  he  and  others  believe,  of  the  egg 
of  the  very  first  origin  of  the  germ  i 
volved  in  obscurity,  for  we  only  kn 
«-*  ^mr\  n-«»rm  txrhf^n  the  terminal  v 
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fet  rudiments  of  the  egg*  in  these  cases.    Certain  it 

^  however,  as  he  and  almost  all  other  embryologists 

^^t  that,  even  in  the  higher  animals,  the  yolk  is 

^ways  formed  by  a  mere  aggregation  of  granules  and 

^  a  mucilaginous  substance,  subsequently  becoming 

^ted  by  a  vitelline  membrane.   And  yet  the  granular 

**^tance  of  the  yolk  constitutes,  by  its  segmentation, 

^^  initial  embryonic  mass  of  the  future  animal.    In 

*^n  animals,  indeed,  the  yolk  mass  is  apparently  all 

^t  exists :  the  germinal  vesicle  seems  to  be  absent. 

Seeing  the  undecisive  nature  of  the  evidence  as  to 

.^^  precise  mode  of  origin  of  the  ^  germinal  vesicle,'  it 

desirable  to  learn  whether  its  subsequent  fate  bears 

^^^  the  generally  prevalent  notion  of  its  immense  im- 

^^tance  as  a  constituent  of  the  ovum.    What  follows 

^^rs   equally  to  ova  produced  by  either  of  the  two 

^thods  above  referred  to — to  those  which  have  a  free 

^^n  within  tubular  organs,  or  to  those  arising  in  the 

^^dst  of  a  more  or  less  solid  organ. 

before  the  mingling  of  the  contents  of  the  sperm- 
|"^Us  with  the  granules  of  the  vitelline  substance — that 
^^  before  fecundation  *  has  taken  place — it  seems  to  be 

'   The  •  dear  point  *  which  next  makes  its  appearance,  the  rudiment  of 

V^  fiitare  germinal  vesicle,  may  be  evolved  as  a  gradually  increasing 

^t  of  homogeneous  mucilage — after  the  same  fashion  as  the  nucleus  is 

^^•^  known  to  appear  in  so  many  cells  which  are  in  process  of  evolution. 

*  It  may  be  well  to  quote  here  some  philosophical  remarks  of  Dr. 

■^^len  Thomson  bearing  upon  the  phenomena  of  fecundation.     He  says : 

^lic  physiologist  agrees,  for  the  sake  of  convenience  of  expression,  to 

^opt  the  terms  power,  property,  force,  &c.,  to  denote  the  conditions 

for  the  occurrence  of  certain  actions  or  changes 
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the  rule  for  the  germinal  vesicle  to  disappear.  D 
Allen  Thomson  says: — ^^In  some  animals^  as  Man 
malia  and  Birds,  it  has  been  observed  that  shortly  h 
fore  the  diffluence  of  the  vesicle  its  delicate  wall  unde 
goes  a  softening  on  approaching  solution,  so  as  to  mal; 
it  impossible  to  separate  the  vesicle  entire.  After  thii 
when  the^diffluence  is  complete,  the  contents  disappn 
from  the  situation  they  have  previously  occupied,  bt 
what  becomes  of  them  has  not  yet  been  determined 
Thus,  at  all  events,  we  get  rid  of  the  only  element  c 
the  ovum  about  whose  precise  mode  of  origin  there  i 
any  doubt  or  uncertainty.  We  are  now  reduced  to 
mere  amorphous  mass  of  granular  material  disperse* 
through  a  homogeneous  basement  substance.  But  ii 
the  midst  of  this  mass  there  shortly  arises  dentw^'i^ 

The  fecundating  power  of  the  semen  is  an  expression  used  only  fo 

convenience   to   denote   the   invariable  sequence  or  relation  as  aos 

and  effect  which  has  Ixjen  observed  to  subsist  between  the  contact  o 

spermatic  matter  with  the  ovum,  and  the  changes  in  the  lattq[  whid 

follow  on  the  act  of  fecundation.     We  might  with  as  much  propriet; 

have  given  a  name  to  a  separate  power  residing  in  the  c^  or  its  gew 

which  render  it  susceptible  of  fecundation,  as  of  a  special  power  bdong 

ing  to  the  semen  by  which  that  susceptibility  of  the  o\'um  is  acted  upon 

The  efficient  cause  of  the  process  of  fecundation  can  only  be  educed,  a- 

in  all  ph\-sical  as  well  as  \'ital  changes,  from  a  perfect  knowledge  of  al 

its  phenomena,  and  the  statement  of  the  efficient  cause  of  such  action 

is  only  the  expression  of  the  most  general  and  best  known  hiw  to  whid 

a  full  acquaintance  with  the  phenomena  enables  them  to  be  reduced 

Feaindation  is  to  l)e  regarded  as  a  purely  vital  change,  seeing  that  i 

takes  place  only  in  the  usual  conditions  of  \-itality;  but,  like  all  olhc 

vital  changes,  it  appears  more  probable  that  a  variety  of  conditions  o 

the  organic  matter,  rather  than  any  one  known  property  or  condition 

arc  necessary  for  its  occurrence.* — ^Loc.  cit.  p.  138.) 
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the  ova  of  most  animals,  a  new  vesicular  element  which 
is  called  the  ^  embryo  cell/  This  does  not  appear  until 
after  the  process  of  fecundation,  and  just  anterior  to  the 


Fio.  15. 
ScgmcnUtion  of  Uie  Yolk  after  Fecundation. 
0,  (.  e.  Omm  of  Atearit  nigrovenoaa.     (Kolliker.) 
d.  That  dA,  aatminata,  showing  later  stage.    (Bagge.) 

commencement  of  segmentation  in  the  yolk  mass.  This 
new  cell,  that  which  takes  the  place  of  the  germinal 
^icle  after  fecundation,  is  generally  tolerably  distinct, 
^  nucleated,  but  Dr.  Thomson  says  ^ : — '  In  other 
instances  a  dear  spherule  or  space  only  is  observed  in 
^  place  of  the  embryo-cell,  and  in  a  few  animals  no 
^  part  of  this  natiu-e  has  yet  been  detected.'  Here 
^  we  certainly  have  the  new  evolution  of  a  cell  or 
"^^^dcus  in  the  midst  of  the  granular  yolk-substance 
^  a  fashion  with  which  we  are  not  unfamiliar  *.    But 

Uc  at  p.  139. 

Modi  interest  attaches  to  these  facts.  We  see  now,  in  respect  of 
^  pitKnoe  or  absence  of  an  embryo-cell,  how  close  is  the  correspond- 
*^  between  these  reproductive  units  of  higher  animals  and  the  spores 

^^  Fungi,  and  Lichens,  or  the  reproductive  germs  of  the  lower 
^^^Qoehs.  In  them  also,  as  we  have  seen,  the  presence  of  a  nucleus  was 
^  DO  means  invariable ;  and  in  some  of  the  cases  where  it  did  exist 
^ydrodieiyom,  Ptziza,  &c.)  it  also  made  its  appearance,  at  first,  as  a  mere 
'^  space.*    See  note,  p.  1 84. 
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Dr.  Thomson  says,  ^  The  origin  of  the  embryo-cell  is 
involved  in  obscurity;'  and  when  be  adds,  'N 
ovologists  are  disposed  to  connect  it  m  smme  homj  or  « 
with  the  previously  existing  germinal  vesicle,  or  sc 
part  of  its  contents,  and  more  especially  the  nude 
wc  can  only  recognize  in  this  statement  an  evidence 
the  enormous  amount  of  influence  which  the  old  doctri 
concerning  the  potentiality  of  the  nucleus  once  exerds 
over  the  minds  of  physiologists.  As  Dr.  Thomson  ftan) 
admits,  there  is  no  direct  evidence  that  can  be  produc 
in  favour  of  such  an  hypothesis:  it  would  prohat 
never  have  been  advanced  had  it  not  been  for  t 
old  doctrines  concerning  the  marvellous  powers 
the  nucleus,  which  we  have  now  gradually  learned 
discard.  The  fact  that  segmentation  does  actually  cor 
mence  in  certain  ova  where  no  nucleus  or  embryo-o 
is  present — ^just  as  the  protoplasmic  contents  of  a  spoi 
case,  or  of  an  encysted  Vrotomyxa^  may  break  up  in 
separate  living  units  in  spite  of  the  absence  of  a  n 
cleus — should  go  far  to  convince  us  that  such  a  body 
not  in  the  least  necessary,  in  order  that  the  phenomei 
of  segmentation  and  development  may  be  initiate 
Although,  therefore,  it  may  be  present  in  many  ca» 
and  may  seem  to  take  the  initiative  by  its  early  di^ 
sion,  we  must  not  on  this  account  suppose  that  ai 
influence  or  power  emanating  from  the  embryo  cell 
the  cause  of  the  segmentation  of  the  yolk-mass:  ^ 
should  rather  regard  both  sets  of  phenomena  as  men 
associated  changes,  each  alike  being  referrible  to  t 
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ropcities  of  the  matter  of  which  the  ovum  is  composed. 
rhis^  toQ^  was  the  view  expressed  by  Professor  Huxley 
irhexi  he  said  ^,  ^  Neither  is  there  any  evidence  that  any 
aittiaction  or  other  influence  is  exercised  by  the  one 
Q(ver  tiie  other  ^  the  changes  which  each  subsequently 
ondergoes,  though  they  are  in  harmony,  having   no 
causal  connexion  with  one  another,  but  each  proceed- 
ing, as  it  would  seem,  in  accordance  with  the  general 
determining  laws  of  the  organism.*    Nevertheless,  from 
the  ]folk-mass   itself  (constituted,  as  we   have  seen, 
by  a  mere  aggregation  of  granules,  or  by  an  increasing 
mass  of  granular  mucilage)  there  is  produced,  as  a  result 
tf  this  segmentation,  the  germinal   or  ^blastodermic' 
tissue*,  out  of  which,  by  a  continuous  series  of  changes 

*  Ettj  prerionsly  quoted,  *  British  and  Foreign  Medico-Chirurgical 
^'^l  October  1853,  p.  386. 

'  Dr.  Thomson  says : — *  The  last  result  of  the  segmentation  is  the 
F'^^^^QCtioB  of  the  blastoderma  or  germinal  membrane  in  which,  by 
<w  dttnges,  the  rudiments  of  the  embryo  subsequently  make  their 
'ff^uance.  According  to  most  otologists,  the  last  globules  formed  by 
'^C^tsUdon  are  the  nucleated  organized  cells  immediately  constituting 
1^  blattodenna.  But  a  different  view  of  the  process,  as  it  occurs 
^KiBoulia,  has  been  taken  by  Bischoff,  and  is  very  decidedly  set 
^  ia  his  two  most  recent  woiks  on  the  development  of  the  guinea- 
P^S  tad  the  deer  respectively.  In  these  memoirs  he  makes  the 
'^'^^i^Bwement  that  *  the  last  resulting  spherules  formed  by  segmentation 
^  iMt  true  cells,  and  that  prtvUmt  to  the  formaHon  of  tb«  blauoder- 
***  ^  At  yoik^urm  feiU  eompletdy  into  an  anwrpbous  or  bomo^ 
^^'^'^  fi»dy  gramdtar  tubstemee,  out  of  which,  secondarily  ^  the  blastO' 
'^^  edh  art  froductd  by  a  proetss  of  cy Agenesis,  It  seems 
^''^^le  that,  in  the  different  classes  of  animals,  there  may  be  consider- 
^  variety  in  the  d^ree  of  perfection  in  organization  or  advance  in 
^stnictnre  to  which  the  segments  of  the  )elk  have  attained  at  the 

P  2 
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— occurring  with  a  still  more  mysterious  regularity— 
there  is  gradually  evolved  the  future  organism,  however 
complex  ^ 

Hitherto  we  have  considered  the  mode  of  origin  dl 
spores,  germs,  and  ova,  but  if  we  turn  our  attendon 

period  when  the  development  of  the  embryo  begins  to  manifest  itsdT 
But  in  the  higher  animals,  at  least,  the  weight  of  evidence  appears  to  wt 
in  favour  of  the  view  that  the  process  of  segmentatioo  results  diredlf 
in  the  formation  of  blastodermic  cells.  The  fiicts  now  established  if 
the  obser\'ations  of  Reichert  in  Entozoa,  in  1841.  of  Ransome  io  osiea» 
fishes,  and  more  particnlarly  those  of  Remak  in  Batrachia,  that  a  deli- 
cate membrane  Ls  formed  over  the  sur&ce  of  each  of  the  segments  i» 
they  appear,  and  that  the  last  and  smallest  segments  possess  t  detiatt 
membranoas  envelope,  appear  to  show  that,  in  these  animals,  euh  se^ 
ment  has  the  structure  of  an  organized  cell,  and  is  very  similar  to,  if  wH 
identical  with,  those  of  the  blastodermic  lamina.' 

We  shall  find,  hereafter,  that  the  mode  of  production  of  cells  described 
by  Bischoff  as  occurring  during  the  development  of  the  ova  of  the 
guinea>pig  and  of  the  deer,  can  be  almost  exactly  paralleled  by  a  similar 
production  of  cells,  in  certain  areas  of  the '  pellide'  which  forms  on  oisaxiic 
solutions.    In  these  cases,  also,  the  material  that  undergoes  change  i^ 
an  albuminous  basis  substance,  containing  a  multitude  of  newly  p*^ 
duced  granules  (plastidc  particles  and  bacteria). 

*  It  is  interesting  to  note  the  very  large  proportion  of  fiitty  oo**" 
pounds  which  enter  into  the  composition  of  the  yolk  of  eggs,  md  ils^ 
as  previously  stated  (note,  p.  1 78),  in  the  reproductive  cells  of  m^^T 
algse.     Many  of  these  fatty  products  seem  to  be  extremely  unstable,  ^X^ 
therefore  well  suited  to  initiate  developmental  changes.    It  is  in  *** 
ovum  especially,  and  in  nerve  tissue,  that  complex  phosphuretted  ^.* 
are  met  with — and  it  is  here  also  that  developmental  and  metabo'-*^ 
changes  occur  to  the  most  notable  extent.    According  to  Dr.  AU^^ 
Thomson,  in  the  egg  of  the  common  fowl  *the  yolk  contains  ^^\^ 
more  than  half  its  weight  of  water,  or  54  per  cent.     The  remaini 
46  parts  consist  of  about  17  of  albumen,  or  analogous  principles, 
of  oily  matter,  and  i:|^  of  salts.     These  last  are  chiefly  alkaline  mnriat 
and  sulphates,  phosphate  of  lime  and  magnesia,  and  traces  of  i 
sulphur,  and  phosphorus.' — (Loc.  cit.  p.  61.) 
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to  the  xi^jg  reproductive  elements,  both  in  Animals  and 

iii  rl^jj^  ^g  gjj^l  gjjj  them  invariably  arising  out  of 

^wifications  taking  place  in  the  protoplasmic  contents 

^rtain  cells  or  vesicles.    Thus  Wagner  and  Leuckart, 

^^^  pointing  out  that  spermatozoa  in  the  various  kinds 

^Uimals  are  produced  separately  in  the  interior  of 

^icular  elements,  as  was  first  made  known  to  us  by 

^Hiker,  say^: — *It  is  difficult  to  trace  the  intimate 

^^elopment  of  the  spermatozoa  in  the  interior  of  these 

^>cles;  but  it  appears  probable  that  it  is  brought  about 

^   ^be  jtmctioH  of  molecular  corpuscles^  which  join  each 

^*^er  linearly^  and  which  have  been  deposited  from 

^^    contents  of  the   vesicles/     With    regard  to  the 

'^'^^ise    nature    of    the    ^vesicles*    of   development, 

^^^ever,  there   is   some  uncertainty.     In  very  many 

^s«    they   are    undoubtedly,    as    Kolliker    supposed, 

^dei;  and  referring  to  this  view  Wagner  and  Leuc- 

^^tt  say : — *  The  unity  in  the  mode  of  development  of 

^^  spermatozoa  which  would  thus  be  established  is 

^^ttainly  very  attractive;  but  we  dare  not  conceal  it 

^^m  ourselves  that  this  inference  from  analogy  is  the 

^^  to  be   depended  upon,  since  the   genesis  of  the 

Spermatozoa  in  the  Decapoda  furnishes  us  with  a  proof 

^Hat  the  formation  of  these  elements  may  also  take 

Place   immediately   in    the   interior  of  cells,  without 

^Vie  nuclei  at  all  participating  in  it/     All  the  known 

^tiodes  of  origin  of  these  spermatic  bodies  may,  however, 

*  Art '  Semen/  •  Cyclop,  of  Anat.  and  Physiol.'  vol.  iv.  p.  499. 
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be  ranged  under  three  principal  heads,  which  are  thus 
spoken  of  by  the    authors  above  dted: — ^^ist.  The 
cell  membrane  and  nucleus  of  the  formative  vesicles 
convert  themselves  immediately  into  the  spermatozoon. 
2nd.  The  nucleus  of  the  formative  vesicles  alone  meta-    I 
morphoses  itself  into  the  spermatozoon.     3rd.  A  new    | 
formation,  which  takes  place  in  the  interior  of  the 
nucleus  (or  immediately  in  the  cell  cavity),  perfonns 
the  functions  of  a  spermatozoon.'     But  it  appears  that 
of  those  produced  by  these  difiFerent  methods,  *the  sper- 
matozoa resulting  from  endc^enous  formation  art  most       \ 
highly  developed  3  they  are  the  produce  of  a  pcricctly 
new  generative  process;*  and  it  should  be  remarked      ' 
also  that  this  mode  of  origination  is  far  more  frequently 
met  with  than  either  of  the  others. 

We  will  not  bring  forward  any  further  details  hovr- 
cvcr ;  we  will  say  nothing  concerning  the  mode  ackd 
origin  of  antherozoids^  in  the  lower  members  of  ttoc 
Vegetable  Kingdom,  or  of  the  pollen  grains  in  floweri^Tg 
plants,  since  these  details  would,  in  essence,  be  lit*^^^ 
more  than  a  repetition  of  modes  of  origin  of  indcp^*' 
dent  units,  similar  to  what  have  been  already  describe 
The    instances   already   cited,    although   scarcely    ^^ 


tithe   of  those   which   might   have   been   quoted,    ^ 
abundantly  sufficient  for  our  present  purpose.   Of  th^^^ 
selves  they  almost  force  us  to  come  to  a  conclu^^ 
similar  to  that  at  which  we  have  already  arrived. 

*  See  *Botanische  Zeitung*  for  March  25  and  April  i,  1853;    ^' 
*  Ann.  des  Sc.  Nat'  185a,  and  Lindle/s  *  V^;etable  Kingdom,'  p.  i^ 
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*^tory  of  the  development  of  germs,  spores,  ova,  and 

sp^rniatic  elements,  tends  to  show  us  most  convincingly 

"^t  independent  and  even  active,  newly-formed  Living 

^nits^  have  at  first  no  trace  of  a  cell-wall — this  being 

^  P'txiuct  which  is  subsequently  formed.     Then,  we 

*^ve  ascertained,  also,  that  some  of  these  when  first 

^y  present  themselves  exhibit  no  trace  of  a  nucleus — 

^^  being  the  case  with  the  actively  moving  progeny 

^   ^at^myxa  and  many  other  organisms.     The  germs 

*"  Spores  ot  these  are  mere  masses  of  living  matter — 

*^^^>toplasmic  in  nature.    They  present  no  trace  of  cell- 

^H  or  of  bounding  membrane,  and  there  is  a  similar 

^^^Sence  of  anything  like  a  nucleus  or  nucleolus.     It 

^^^tters  not,  therefore,  if  in  certain  other  cases  (as  in  the 

^^*«Tnation  of  spores  within  the  asci  of  Fexaza  and  other 

^gi)  we  do  find  nuclei  making  their  appearance  in 

^^  midst  of  the  living  matter,  before  this  has  begun 

^   show  any  traces  of  its  approaching  segmentation. 

^^^ch  primary  appearance  of  nuclei,  when  it  occurs, 

^Hould  not  be  r^arded  as  a  necessary  preliminary,  or 

^i^c  which  is  in  any  way  causative  of  those  changes 

^''hich  are  about  to  follow.     How  could  we  come  to 

^Vich  a  conclusion,  when,  in  so  many  instances,  similar 

^'^^esses   of  sepitentatson    may  he   seen    taking   place    in 

'iro^  matter  where  no  such  nuclei  exist?     This  matter 

itself,  therefore,  perfectly  homogeneous  save   for  the 

pKscncc  of  a  few  minute  granules  scattered  here  and 

^bcrc,  is  the  real  elementary  life-stuflF— that  which  already 

P<^sses$es  the  properties  of  a  living  thing,  and  which 
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is  capable  (by  virtue  of  its  own  inherent  tendenqr  to 
undergo  a  process  of  differentiation)  of  taking  on  the 
real  cell  form.    Before  a  nucleus  is   evolved,  whilst 
still  without  a  bounding  membrane,  the  simple  \vm% 
unit  {flastide)  is  able  to  assimilate  nutritive  material 
and  grow ;  it  may  be  able  to  move  from  place  to  place 
and  continually  vary  in  its  form  ^   it  is  able  to  divide 
and  reproduce  its  kind.    In  course  of  time  a  cell-wall 
may  consolidate  around  it,  and  a  nucleus  may  arise  in 
its  interior.    The  Cell  is,  therefore,  seen  to  be  only  a 
developed   form,  a   more  visibly  complex  condition, 
which  a  simpler  but  already  living  and  independent 
Plastide  may  or  may  not  assume. 

Some  of  the  opinions  we  have  just  expressed  were 
uttered  by  Alexander  Braun  in  1851,  when  he  said*> — 
'The  cell  is  thus  a  little  organism  which  forms  its 
covering  outside^  as  the  mussel,  the  snail,  or  the  crab  do^^ 
its  shell.  The  contents  enclosed  by  these  envelopes  fbrr* 
the  essential  and  original  part  of  the  cell,  in  feet  niii^ 
be  regarded  as  a  cell,  before  the  covering  is  acquire-^ 
From  the  contents  issues  all  the  physiological  activi  *- 
of  the  cell,  while  the  membrane  is  a  product  deposit^ 
outside,  a  secreted  structure,  which  only  passively  shar"^ 
the  life,  forming  the  medium  of  intercourse  betwc^ 
the  interior  and  the  external  world,  at  once  separate  ^^ 
and  conibining  the  neighbouring  cells,  affording  p*^ 
tection  and  solidity  to  the  individual  cell  in  connecti^ 
with  the  entire  tissue.     Hence  the  development  of  ^ 

*  Loc.  dt.  p.  155. 
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oeV\.<ioat,  as  a  product  of  cellular  activity,  always  stands 
m  inverse  proportion  to  the  physiological  activity  of 
the  celL  In  youth,  thin,  soft,  and  extensible,  the  cell 
OQflit  allows  abundant  nutrition  and  advancing  growth ; 
nbsequently,  thickened  and  therewith  hardened  by  the 
deposit  of  lamellae^,  it  compresses  the  contents  within 
continually  narrower  boundaries,  more  and  more  ex- 
dodes  intercourse  with  the  external  world,  and  puts 
atcnn  to  growth.' 

Taking  that  view  of  the  case,  therefore,  which  would 
alone  seem  tenable  in  our  present  state  of  knowledge, 
it  oouU  not  be  imagined  that  any  changes  occurring 

■ 

lA  a  simple  living  unit,  or  plastide,  would  be  essen- 

^y  altered  in  character  because  its  external  layers 

1^  become  condensed  into  a  so-called  cell-membrane. 

A  is  useless,  also,  to  resort  to  the  nucleus  as  an  element 

possessing  a  mysterious  power  of  its  own,  and  to  attri- 

«it^  as  was  formerly  the  case,  all  the  important  phe- 

'^^^'JJcna  occurring  within  a  Cell  to  the  eflFects  of  its 

^Uence.    We  are  told  by  Nageli^  that  whole  families 

^  plants  are  devoid  of  anything  like  a  nucleus,  and 

Thb  more  especially  refers  to  the  thickening  and  condensation  of 
^  ^lU  which  takes  place  in  many  vegetable  cells. 

SpoJdng  of  the  occurrence  of  this  previously  supposed  necessary 
^*'**«t  of  the  celU  Bnum  says  (loc.  cit.  p.  1 74) : — •  Nageli's  extensive 
"^"^^iches  have  demonstrated  its  occurrence  in  all  divisions  of  the 
^■eUhle  kingdom;  only  in  particular  families  of  the  Algae,  as,  for 
*^pfe,  in  the  Palmellaceae,  Chlorococcacese,  Osdlatorinez,  and  Nosto- 
^T******  u  also  in  the  large-celled  Gadopbora^  and  the  unicellular  Algae 
•**fc  Unlimited  growth  of  the  cell  {Vaueberia,  Codium,  Catdtrpa),  no 
^^*  Of  a  nacleas  has  yet  been  discovered.' 
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yet  all  the  ordinary  vegetative  and  reproductive  phen- 
mena  go  on  within  the  chambers  of  which  they  2l 
composed.  And  if  we  are  still  to  call  these  no: 
nucleated  chambers  ^  cells/  we  nevertheless  find  simiL 
vegetative  and  reproductive  phenomena  taking  pla^^ 
within  structures  which  certainly  have  no  right  to  su- 
a  name.  It  appears  that  Leptamitus^  Safrolegmia^  Va 
cheria^  C odium ^  Bryopsts^  Caulerfa^  and  perhaps  other  Al: 
as  well  as  Fungi  are  branched  filiform  organisms  p 
senting  no  trace  of  a  cellular  structure,  although 
a  strange  perversion  of  language  they  have  been  spofe- 
of  as  'branched  unicellular  organisms'  by  those 
were  anxious  to  interpret  all  facts  so  as  to  make  th. 
yield  to  the  requirements  of  an  exclusively  'celluX^ 
Theory  of  Organization.  At  a  definite  stage  in 
life  of  such  organisms  a  partition  extends  across,  i^^^*" 
the  extremity  of  certain  of  the  filaments,  so  as  to 
off  a  small  terminal  chamber.  This  chamber 
rapidly,  and  its  contents  undergo  changes  such  as 
have  described  in  Acklya^  speedily  leading  to  the  forxx"*^- 
tion  of  actively  moving  zoospores.  Are  such  chan^5^ 
due  to  the  properties  of  the  living  matter  itself^  ^^ 
are  they  attributable  to  the  mere  chamber  in  vl*.*-^ 
it  is  enclosed  ?  Has  the  growth  of  the  partition  s^""-*^'- 
denly  given  rise  to  a  potentiality  previously  n^^°" 
existent  ?  Again^  when  the  Frotomyxa  contracts,  n^S^^n 
its  living  matter  devoid  of  a  nucleus  condenses  *^" 
ternally,  so  as  to  fijrm  a  cell-wall  or  cyst,  arc  "^^ 
phenomena  of  segmentation  which  subsequently 
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to  be  considered  as  dependent  upon  the  properties 
tie  living  matter  itself  under  the  influence  of  its 
iuDfi,  or  are  we  to  suppose  that  suddenly,  with  the 
imption  of  this  pseudo  ^  cell  *  form,  there  has  arisen 
entirely  new  force  capable  of  inducing  certain  de- 
>pmental  changes  not  otherwise  producible?  The 
twers  to  these  questions  cannot,  we  think^  be  doubt- 
;  and  yet  if  we  were  to  accept  some  theories  at 
sent  in  vogue,  we  should  have  to  believe  in  the 
ithof  the  latter  assumption  ^ 

All  the  phenomena  of  so-called  *  endogenous  cell- 
raiation*  are  therefore,  if  rightly  interpreted,  capable 
'  strei^thening  our  belief  in  the  necessity  for  the 
Qstence  of  mere  matter  of  a  particular  kind  as  the 
jysiological  basis  of  all  life-phenomena.  They  equally 
*i  us  to  reject  as  preposterous  the  doctrine  of 
"^chow  that  the  cell  is  the  ultimate  vital  unit,  or, 
^  expresses  it,  that  ^the  cell  is  really  the  ultimate 
iphological  unit  in  which  there  is  any  manifestation 

It  may  be  well  at  this  stage  to  call  attention  to  the  fact  that  the 
^  of  Dr.  Beale  are  so  far  quite  in  accordance  with  those  above 
^ssed.  He  believes  in  the  formless  nature  of  primitive  living  matter, 
Ui  the  absence  of  any  special  functions  or  importance  attaching  to 
■mdeos.  We  have  already  seen  that  he  regards  the  cell-wall,  when 
^t,  as  a  dead  and  inert  appanage  of  the  living  nuitter  within.  Thus 
<EXily  active  potential  part  is  the  living  but  structureless  germinal 
^.  He  says,  moreover,  *it  must  be  borne  in  mind  that  at  all 
(>)s  of  life,  in  certain  parts  of  the  textures  and  organs,  and  in  the 
ient  fluids,  are  masses  of  germinal  matter,  destitute  of  any  cell-wall, 
exactly  resembling  those  of  which  at  an  early  period  the  embr>'o  is 
*eJy  oomposed.*    See  •  Protoplasm,*  second  ed.  pp.  45-47,  48,  59. 
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of  life,  and  that  we  must  not  transfer  the  2 
real  action  to  any  point  beyond  the  celL'  Al] 
instances  of  endc^enous  cell-formation  which,  i 
are  frequently  spoken  of  as  examples  of  'fTe< 
formation' — do,  in  spite  of  their  having  taken 
in  what  are  called  ^  cells,'  lead  us  on  by  ins( 
gradations  to  those  purest  and  most  unquesti* 
instances  of  free  cell-formation,  in  which  we  nu 
new  living  units,  or  plastides,  arising  in  homogi 
blastemata,  and  independently  altogether  of  pre 
ing  cells. 

As  we  have  already  endeavoured  to  show,  it 
be  quite  unreasonable  to  expect  to  get  evidence 
genesis  of  minute  though  fully  formed  Cells  ii 
temata.  This  was  the  old  point  of  view — ai 
which  was  more  justifiable  in  the  days  of  Schleid 
Schwann.  Now,  however,  knowing  as  we  do  tha' 
with  its  cell-wall  and  nucleus  is  a  product  of  evo 
we  must  go  back  to  formless  matter,  if  we  v 
trace  out  the  origin  of  the  cell.  We  must  1( 
the  appearance  of  mere  specks — minutest  parti 
living  matter— which,  continually  growing  in  siz 
ultimately  take  on  the  form  of  cells,  after  the  : 
already  described. 

Wc  are  thus  led  to  enquire  into  the  truth  of  a  d 
long  maintained  by  Charles  Robin,  though  one 
has  been  as  warmly  repudiated  by  Virchow  a 
school.  The  former  believes  that  simple  livin 
are  produced  de  novo  in  blastemata,  and  he  ma 
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re  is  a  strong  anatomical  resemblance — a  per* 

ailarity  in  fact — ^between  the  earlier  stages  of 

ds  of  pus  and  mucus  corpuscles,  and  the  white 

cles  of  the  blood  *.    He  accordingly  uses  the  word 

icyte'  as   a   generic   appellation  for  the  various 

J  units  of  this  type  which  are  to  be  met  with 

^r  as  physiological  or  pathological  tenants  of  the 

erent  fluids  of  the  body.     And  although  it  is  not 

lied  that  such  units  are  capable  of  undergoing  rapid 

ultiplication  by  processes  of  fission  and  gemmation, 

^  are,  as  Robin  maintains,  also  capable  of  being 

evolved  ii  novo  in  the  several  fluids  of  the  body. 

M.  Onimus  *  has  lately  recorded  some  very  carefully 
^^onducted  experiments  made  for  the  purpose  of  obtain- 

■ 

wgmore  satisfactory  evidence  as  to  the  mode  of  origin 
of  leucocytes.  He  found  that  when  serosity  was 
^n  as  soon  as  possible  from  a  rapidly  formed  blister, 
^  then  filtered,  no  leucocytes,  and  only  a  very  few 
^^thdial  scales,  were  recognizable  by  the  aid  of  the 
'^croscope  on  the  filter;  whilst  the  fluid  which  had 
*^Scd  through  was  never  found  to  contain  any  formed 
^Oient,  leucocytic  or  epithelial'.  But,  whenever  the 
*^ty  bad  been  taken  fiom  the  blister  one  hour 
^^  its  effusion,  then,  almost  invariably,  a  certain 
^mbcr  of  leucocytes  were  found  on  the  filter,  and  at 

'Sur  qoelques  points  de  1' Anatomic  et  de  la  Physiologie  des  Leuco- 
^^  on  Globules  Blancs  de  Sang.'    Brown-S^uard's  '  Journal  de  la 
^^aoloKie,'  torn.  iL  1859,  p.  41. 
^  *  JonnMil  de  TAnat  ct  de  la  Physiol.'  1867. 
^  Tbe  magiiifyiiig  power  employed,  is  unfortunately  not  stated. 
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the  same  time,  M.  Onimus  says^  some  of  them  passed 
through  the  filter  and  were  recognizable  in  the  filtered 
fluid.     The   recently  effused  serosity   was,  therefbn^ 
always  made  use  of  in  his  subsequent  experiment 
after  he  had  satisfied  himself  that  such  serosity  appeared 
to  be  quite  homogeneous  and  to  contain  no  formed 
elements  of  any  kind^.    Small  portions  of  this  fluid 
were  enclosed  in  little  bags  of  g^)ld4>eatei:^s  skin,  firmly 
secured,  and  these  were  then  inserted  beneath  the  skio 
of  rabbits,  in  order  to  ensure  the  submission  (^  the  fluid 
to  the  requisite  temperature.    The  contents  of  the  bags 
were  examined  after  difierent  intervals ;  and  before  tiie 
bags  were  opened  they  were  subjected  to  the  action  of 
a  full  stream  of  water,  in  order  to  wash  away  every  trace 
of  formed  element  (derived  from  the  wounded  tissues  of 
the  rabbit)  which  might  have  adhered  to  any  part  of  their 
surface.     When  a  portion  of  the  fluid  was  examincii 
after  the  bag  had  remained  for  twelve  hours  beneath 


*  He  ascertained,  by  trial  with  the  older  fluids  containing  lencocyt^^^ 
that  when  some  of  this  serosity  had  been  allowed  to  remain  imdistuil^*^ 
for  five  or  six  hours  in  a  small  conical  glass,  its  upper  strata  had,  by  tr^" 
time,  become  clear,  owing  to  the  leucoc>'tes  having  gravitated  to  i  -^-^ 
narrow  lower  portion  of  the  vessel.     When  the  recent  serosity  howew^  ^ 
was  tested  in  the  same  way,  he  invariably  found  that  the  last  drops 
the  fluid  in  the  bottom  of  the  glass  were  quite  devoid  of  leucoc}ies, 
indeed  of  all  trace  of  solid  matter,  however  minute.     He  therefore 
eluded  that  such  a  fluid  was  really  a  homogeneous  blastema.    It  m« 
be  remembered,  however,  that  exceedingly  minute  particles  of  li^i 
matter  less  than  tthtittt"  i"  diameter  might  not  sink  in  the  way 
scribed,  and   that   such  particles   easily  make  their  way  through 
ordinary  filter. 
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s  skilly  it  was  found  to  be  already  slightly 

owing  to  the  presence  of  myriads  of  minute 

After  twenty-four  hours,  the  fluid  in  other 

ound  to  have  become  whitish  and  cloudy — 

containing,  in    addition   to   the   particles, 

well-formed   leucocytes.     When    examined 

riod  of  thirty-six  hours,  the  fluid  was  in- 

»und  to  be  quite  white  and   milky,  owing 

sence  of  myriads  of  leucocytes,  which  ex- 

e  characteristic  amoeboid  movements,  and 

di£Fer  in  no  essential  respect  from  ordinary 

corpuscles  or  from  white  corpuscles  of  the 


s  fixuid  that  the  nature  of  the  blastema  employed  modified 
ained  in  a  most  remarkable  manner.  He  says : — *  All  the 
-e  have  hitherto  recorded  are  true  only  on  condition  that 
not  coagulated ;  for  neither  leucocytes  nor  any  other  kind 
I  elements  are  produced  in  the  serum  of  blisters  whose 
en  coagulated.'  These  results  are  most  interesting  to  the 
d  harmonize  well  with  his  own  experience.  He  does 
meet  with  pus  corpuscles  in  an  effusion  into  the  pleura 
t  been  caused  by  inflammation,  whilst  he  is  quite  prepared 
in  abundance  in  an  inflammatory  effusion.  In  the  former 
would  not  contain  both  the  protein  compounds  necessary 
:tioo  of  fibrine.  whilst  in  the  latter  it  would  probably  contain 
:  quantity.  Although  it  is  fully  granted  thai  the  pus  corpus- 
apyematons  fluid  may  be  derived  in  part  from  wandering 
lorpusdes,  and  in  part  from  subdivision  of  any  of  the  nuclear 
the  tissues  in  contact  with  the  fluid,  I  fully  believe  that 
perhaps  a  very  large  section  of  them,  have  been  evolved 
le  blastema  itself.  Corpuscles  derived  in  either  of  these 
r  course  multiply  indefinitely  in  the  fluid  by  processes  of 
In  these  various  ways  may  we  account  for  the  presence  of  the 
s  of  leucocytes  which  are  met  with  in  inflammatory  fluids. 
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Now  by  these  experiments  Onimus  seems  to  haie 
shown  quite  conclusively  that  the  corpuscles  met  witk 
in  his  experimental  fluids  had  not  been  derived  from 
the  fission  of  any  visible  pre-existing  cells.    It  seemi 
almost  equally  certain  that  they  did  not  even  originate 
from  particles  which  were  recognizable  by  the  micrD 
scopic  powers  employed,  since  the  fluids  were  at  firs^ 
to   all    appearance,    perfectly  homogeneous.     Either, 
therefore,  the  minute  particles  which  were  seen  at  a 
later   stage    must    have    originated    owing   to  some 
primitive  formative  process  taking  place  in  a  reallf 
homogeneous  organic  solution,  or  else  the  fluid,  seem- 
ingly  homogeneous,    in    reality   contained   the  most 
minute  particles  (microscopically  invisible),  derived  ia 
some  unknown  way  from  the  previously  existing  pro- 
toplasmic elements  of  the  tissues  ^.     Further  than  this 
we  cannot  go  by  direct  observation — ^reason  alone  mast 
be  our  guide  in  the  selection  of  the  one  or  the  other 
alternative.    We,  however,  incline  to  the  former  view; 

*  We  are  quite  unable  to  disprove  such  a  supposition.    It  is  bat  *>** 
germ  theory  under  another  form,  and  being  based  only  upon  analog*^ 
evidence  it  belongs  to  the  region  of  pure  hypothesis.    Those  who  itCfO^ 
be  inclined  to  believe  in  the  existence  of  such  infinitesimal  6S<»siaS^ 
from  pre-existing  cells  are.  however,  no  more  able  to  prove  that  o^g^^^ 
units,  seemingly  originating  de  novo,  are  in  reality  derived  from  ffi**7 
supposed  invisible  germs,  than  we  are  to  disprove  their  hypothesis.    ^"^ 
must  be  guided  therefore  by  evidence  of  an  indirect  nature,  and  th^^ 
who  at  present  still  doubt  the  probability  of  leucocytes  originattng     ^ 
novo,  may,  perhaps,  be  more  inclined  to  admit  that  the  tendency  of  ^' 
evidence  above  adduced  is  strongly  in  favour  of  the  actuality  of 
a  process,  after  they  have  read  other  portions  of  this  work,  reUting 
the  de  novo  origination  of  wholly  independent  living  things. 


Pk£*. 
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^  We  believe  it  to  be  in  the  highest  degree  probable 

^^  the  fully  developed  leucocytes  or  plastides  which 

^'^  seen  in  the  later  examinations  had  arisen  out 

^c  growth  and  development  of  the  mere  organic 

^^^^^  met  with  in  the  earlier  stages  of  the  enquiry. 

TTiis  latter  view  receives  the  strongest  support  from 
^^rvations  that  have  been  made  as  to  the  nature  and 
^^c  of  origin  of  the  white  corpuscles  of  the  blood.     1 
/^^c  obtained  some  very  striking  evidence  on  this  sub- 
^^  from  the  study  of  specimens  of  blood  taken  from 
^Wo  persons  suflFering  from  Leucocythaemia,  though  I  had 
P^^ously  been  tending  towards  the  same  conclusion 
"Om  a  careful  study  of  its  condition  in  other  states  of 
fisease  in  which  the  white  corpuscles  existed  in  undue 
ptoportion.   In  these  two  cases  the  number  of  the  white 
Was  equal  to  that  of  the  red  corpuscles :  instead  of  the 
two  kinds  of  elements  existing  in  the  normal  propor- 
tion of  about  one  of  the  former  to  three  hundred  of  the 
biter.    The  other  most  striking  feature  in  the  speci- 
mens of  blood  from  these  patients  was  the  extreme 
variability  in  the  size  of  the  white  corpuscles — some 
being  nearly  twice  as  big  as  usual,  whilst  others  were 
seen  of  all  intermediate  sizes  between  this  and  a  mere 
protoplasmic  speck  ^^ooo^^ ^^  diameter.   The  corpuscles 
also  presented  different  aspects,  the  largest  of  them 
appeared   to  possess  a  cellular  structure — there  were 
slight   evidences  of  a  boundary  wall,  and   numerous 
large  protein  granules  within,  more  or  less  completely 
concealing  a  faint  ovoid  nuclear-looking  body.    This 
VOL.  I.  Q 
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granular  appearance  seemed  to  become  more  and  more 
marked  as  the  corpuscles  became  larger,  and  the  nucleus 
also  became  more  and  more  distinct,  though  only  ap- 
pearing as  a  space  free  from  granules.  The  corpuscles 
which  were  about  -^j^'  in  diameter,  as  well  as  all  those 
that  were  of  smaller  size^  presented  none  of  these  charac- 
ters. They  were,  in  fact,  not  cells  but  plastides— solid 
homogeneous  bits  of  protoplasm,  exhibiting  very  slow 


e 


<»    <9   •  9   o  9 


Fia.  1 6. 

Showing    the    different   stages    in   the    development  of  white  Uc 

corpuscles,  as  seen  in  blood  from  a  case  of  Leucoc]rth«mia.  -s^^' 
gradational  sizes  to  be  seen  from  a  mere  homogeneous  speck 
])rotoplasm  ninhnr''  i"  diameter  up  to  that  of  a  corpuscle  of 
ordinary  size.  Those  under  ^^^^*  in  diameter  are  homogencc:^* 
bits  of  protoplasm,  showing  only  a  very  few  granules  and  -^ 
nucleus  or  distinct  bounding  wall,      x  6oo. 


amoeboid  variations  in  shape  ^.  There  was  no  br 
whatever  in  the  continuity  of  the  series;  all  gradatior"^ 
in  size  could  be  and  were  measured,  from  the  mei^ 
plastide  particle  i^sh^'  ^^  diameter,  up  to  the  fiill^ 
developed  corpuscle ;  and  until  the  size  above  indicate  "■ 


*  The  amoeboid  movements  of  the  white  corpuscles,  however,  are 
generally  very  marked  in  blood  taken  from  Lcucocjlhiemic  patients^ 
They  have  often  seemed  to  l)c  much  less  obxdous  than  usual — a  lai^^ 
number  of  the  corpuscles  remaining  for  a  long  time  more  or  les^ 
spherical. 
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'as  readied  we  bad  to  do  with  mere  bits  of  growing 
Totoplasm,  or  plastides,  differing  from  one  another 
n   no  other  respect  except  that  of  size'.      But   in 
those  corpuscles  which  exceeded  ^-^''  the  protoplasm 
gradually  became  granular,   and   they  then   began   to 
exhibit  changes  which  appear  characteristic  of  age  and 
spptoadiing  degeneration*.    Then,  also,  the  nucleus 
seemed  to  be  evolved  as  a  growing  spherule  of  homo- 
geneous matter^  without  distinct  boundary  wall— and 
tiu^refore  appearing  as  a  mere  circular  space  gradually 
uicreasing  in  size  amongst  refractive  granules,  which 
^  grew  larger  and  larger.     It  is  extremely  difficult  to 
'^cognize  in  its  earlier  stages  and  when  it  is  very  minute 

• 

^  size:  there  can  be  little  doubt,  however,  that  it  is 
Solved  after  the  same  fashion  as  the  nucleus  in  many 
^^etaUe  cells  ». 
•Aether  the   minutest   specks  of  protoplasm  seen 

y^^Otoe  the  above  was  written  I  find  that  Dr.  Hughes  Bennett  has 
r*^7*i  (Lancti,  1863,  ▼o^-  "••  P-  37^  ^^^  ^S-  ^^)  ^o  ^^  oconrence  of 
q/^*  of  different  sizes  in  the  blood  of  certain  Leucocythiemic  patients. 
L  *"*terprctation  of  the  appearances  is,  however,  quite  different,  since 
L/^^K^ids  the  smaller  particles  as  *  nuclei '  which  have  been  liberated 
^^  ^e  white  corpuscles. 

^  ^   liftve  again  and  again  noticed   the  results  of  an  evolution  of 

Ki|^  (though  more  marked  in  degree)  which  appears  to  take  phice 

^^^te  corpuscles,  after  the  death  of  the  individual.    In  autopsies 

^^  36  or  48  hours  after  death,  I  have  frequently  found  on  examina- 

.    ^  ^  the  pia  mater  that  the  white  corpuscles  had  assumed  a  most 

/j^'^Ctiy  cellular  appearance — each  cell  containing  one  or  perhaps  two 

^^■^•fined  ovoidal  nudei,  and  a  variable  number  of  protein  granules, 

l^^^^sc  cases  the  corpuscles  have  a  distinctly  vesicular  appearance,  and 

^Udei  also  seem  to  be  bounded  by  a  distinct  wait. 

S«  note,  p.  184. 
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had  been  evolved  out  of  the  fluid  plasma  of  the  lymph ; 
whether^  as  such,  they  had  been  introduced  into  the 
lymph,  from  the  lymphatic  glands  and  other  sources; 
or  whether  they  had  been  thrown  oflF  by  a  process  of 
gemmation  from  the  pre-existing  white  corpuscles 
themselves,  we  have  no  evidence  to  enable  us  posi- 
tively to  decide,  although  it  seems  that  the  facts  at 
present  in  our  possession  are  most  fevourable  to  the 
first  mode  of  explanation.  We  have,  however,  in  these 
facts  much  stronger  evidence  to  show  that  the  fully 
developed  white  corpuscles  have  grown  out  of  the  mere 
specks  of  living  matter*;  that  these,  even  when  they 

*  And,  therefore,  evidence  tending  to  upset  the  notion  generally  pre- 
valent amongst  physiologists,  that  the  white  corpuscles  of  the  blood 
have  been  produced  by  modifications  which  have  taken  place  in 
lymphatic  corpuscles  as  starting  points — these  bodies  being  not  less 
than  TT^"  in  diameter. 

There  are  other  reasons  also  against  this  mode  of  origin  of  the 
white  corpuscles  which  have  been  advanced  by  Ch.  Robin.  He  says 
(loc.  cit.  p.  49)  : — *  ^existence  des  leucocytes  dans  le  sang  de  I'embryon 
4  une  dpoque  oh  les  lymphatiques  manquent  encore,  montre  qn*il  en 
natt  dans  les  vaisseaux  sanguins,  et  que,  chez  Tembryon,  da  moins, 
ceux  du  sang  ne  proviennent  pas  n^cessairement  de  la  lymphe.  . .  .  Lenr 
presence  dans  le  canal  thoradque  k  tons  les  Ages  montre  qu'il  en  natt 
pendant  toute  la  vie  dans  les  lymphatiques,  puisque  ceux  de  oes  derniers 
arrivent  (^s  le  sang  avec  la  lymphe.  Comme  on  th>uve  des  leococytes 
dans  les  r^seaux  et  les  conduits  lymphatiques,  du  pied  da  testicule  etc., 
avant  leur  arrivde  aux  ganglions  correspondants  il  est  manifest  aussi  que 
ce  ne  sont  pas  ces  derniers  organes  qui  seraient  sp^dalement  diargds  de 
les  former,  et  qu*il  naisse  dans  le  liquide  m^me  qui  les  renferme,  c*est 
i  dire  dans  toutes  les  parties  du  syst^me  lymphatique  probablement.  .  . . 
D'autre  part,  c'est  apr^s  une  hypoth^  contredite  par  les  faits  les  pins 
^^mentaires  qu'on  a  pu  admettre  que  produire  cette  espte  d'^Ument  anar 
tomique  ^tait  Tusage,  le  r6le  que  tel  ou  tel  organe  ^tait  charg^  de  remplir.* 
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have  nearly  attained  their  full  size,  are  still  (although 
units  exhibiting  a  distinct  vitality  of  their  own)  mere 
structureless  bits  of  protoplasm,  without  cell-wall  and 
without  nucleus — differing,  in  fact,  in  no  respect  from 
the  'Brotamvbs  of  Professor  Haeckel,  except  that  they 
are  subordinate  parts  of  a  higher  organism,  and  there- 
fore do  not  lead  an  entirely  independent  existence. 
It  seems  evident  also  that  such  homogeneous  masses 
of  matter  (plastides),  already  exhibiting  vital  character- 
istics^ are  afterwards  capable  of  evolving  a  nucleus,  and 
of  assuming  that  cellular  form  without  which  it  was 
formerly  supposed  no  vital  manifestations  could  occur. 

Such  a  mode  of  origination  of  living  units,  together 
with  their  subsequent  evolution,  affords  perhaps  the 
best  illustration  that  can  be  given  of  the  birth  of 
cells  de  novo  in  blastemata.  Other  evidence  of  vari- 
ous kiAds  can  however  be  adduced  tending  towards 
the  same  conclusion,  and  to  this  we  will  now  briefly 
allude.  When  working  at  the  anatomy  of  a  diseased 
spinal  cord  in  the  year  1866,  before  my  faith  in 
Virchow's  doctrines  had  been  notably  shaken,  I  was 
much  struck  by  certain  appearances  met  with  through- 
out the  degenerated  portions  of  a  cord  in  which  the 
interstitial  fibrous  tissue  had  become  abnormally  in- 
creased in  quantity.  As  in  such  tissue  generally,  there 
was  a  very  great  increase  in  the  number  of  nuclei,  and 
although  very  many  of  them  appeared  about  ^^^^'  in 
diameter,  there  were  others  even  larger  than  this,  and 
others    still    in  great  abundance    representing  every 
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intermediate  size  between  these  and  a  mere  granular 
speck  or  dot  about  if^\^^"  in  diameter.    In  an  account 
of  this  case  published  shortly  afterwards  *  there  occurs 
the  following  passage : — ^  The  large  nuclei  were  appar- 
ently unconnected  with  fibres^  and  all   intermediate 
sizes   could   be  traced  between  them  and  the  small 
dot-like  forms.    They  existed  in  the  greatest  abund- 
ance, and  seemed  to  represent  only  difibrent  ages  <f 
one  and  the  same  element.    All  alike  became  deeply 
stained  with  carmine  ^.'     I  have  since  repeatedly  scc^:^ 
similar  appearances   in  other  specimens  of  diseas^^ 
nerve  tissue.      It   is  impossible  to  say  positively,  ^^f 
course,  whether  the  minute  dots,  the   mere   formic  -ss 
specks  of  living  matter,  had  been  given  off  bodily,        as 
buds,  from  pre-existing  living  matter,  or  whether  th^cy 
had  originated  de  novo  out  of  fluid  plasma.     The  profcz>a- 
bilitics  are  certainly,  to  say  the  least,  as  much  in  fav^i^ur 
of  the  one  mode  of  origin  as  of  the  other  j  and  ev^"^^ 
if  they  had  proceeded  from  previously  living  mat*^  *^ 

^  *  Medico-Chinirgical  Transactions,*  1867,  vol.  1.,  *  On  a  Ca^ 
Concussion  -  Lesion,   with   extensive  Secondary   Degenerations  of 
Spinal  Cord.* 

^  At  the  time  I  was  somewhat  puzzled  to  understand  how  the  ^^^  . , 
nucleated  granulation  corpuscles,  which  were  also  so  numerous,  ^^^  , 
have  originated.  Acknowledging  the  difficulty,  it  was  then  sugg*^"^.-,^ 
that  the  cells  had  become  developed  around  some  of  the  originally  ^^ 
'  nuclei,'  and  had  afterwards  undergone  a  rapid  process  of  fatty  de^^ 
ration.  Now,  however,  I  feel  much  more  inclined  to  believe  that  s?^--^  /■ 
of  the  original  'nuclei '  underwent  a  rapid  process  of  growth,  that  eaC^^^  . 
these  subsequently  dc\'eloped  a  nucleus  in  its  interior,  and  then  under*^' 
a  process  of  degeneration.    (See  loc  cit.  PI.  XI.  fig.  ao.) 


THE  BEGINNINGS  OF  LIFE,  23 1 


is^  thou^  a  mode  of  origin  of  new  organic  units 

bich  has  been  long  spoken  of  by  Dr.  Beaie,  is  not 

lie  which  has  been  much  mentioned  by  Virchow  and 

'there  of  the  Cellular  School  of  Pathology.     They  speak 

principally  of  cell  multiplication  taking  place  by  equal 

^vision  of  pre-existing  cells  or   nuclei — a  mode  of 

Reduction  which,  though  undoubtedly  very  common, 

4)cs  not,  in  my  opinion,  play  such  an  important  and 

*ta»st  exclusive  part  in   tissue   growth  as  has  been 

represented,  and  which  does  not,  moreover,  enable  us 

to  account  for  many  appearances  that  are  frequently 

nietwith. 

Cells  may  also  originate  after  another  fashion  in  the 
''"Miun  body,  as  I  have  satisfied  myself  from  a  most 
^^^^'^ful  study  of  the  results  of  inflammation  when 
^^^^^^urring  on  the  pericardium,  or  lining  membrane  of 
^c  heart.  It  appears  that  small  nuclei-like  bodies,  or 
^*^stides,  about  x^inr"  ^^  diameter  originate  by  a  direct 
^^css  of  diflFerentiation,  from  the  homogeneous  and 
•^Qacious  so-called  ^  lymph'  which  is  produced  on  the 
'^^'^ce  of  the  serous  membrane^.  This  structureless 
yuph-like  matter  is  capable  of  being  resolved,  or  of 
^<?rentiating,  more  or  less  rapidly,  into  an  areolar 
'ssuc  and  plastides  of  the  kind  above  mentioned.     I 

^  what  precise  way  this  is  produced  we  have  still  no  certain 
^^ledge.  I  feel  convinced  that  it  is  no  mere  'exudation'  from  the 
'^^^▼esscls ;  neither  is  it  produced  by  an  abundant  i)roliferation  and 
^"^rowth  of  the  superficial  tissue  elements.  It  is  at  first  quite  struc- 
^^«ss,  and,  judging  from  the  changes  which  it  subsequently  undergoes, 
^^ns  to  be  formless  living  matter. 
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will  not  speak  more  in  detail  on  this  subject  now, 
as  the  particulars  would  be  somewhat  too  technical 
Such  a  mode  of  origin  of  new  o]^;anic  units  is  closely 
allied  to  the  process  which  gives  birth  to  the  zoospores 
of  certain  Fungi  and  Algx,  or  to  the  reproductive 
gemmules  of  Frotomyxa,  In  each  case  there  exists,  at 
first,  formless  living  matter :  only  the  independent  units 
into  which  it  afterwards  divides  remain  to  form  a 
coherent  tissue  in  the  one  case,  whilst  they  separate 
and  form  independent  reproductive  units  in  the  other 
instances  mentioned. 

A  careful  consideration  of  all  the  facts  adduced  in 
the  present  chapter  leads  us  to  the  conclusion  that 
Living  Units,  whether  reproductive  or  not,  may  ori- 
ginate by  one  or  other  of  five  principal  methods  within 
the  bodies  of  pre-existing  organisms : — 

1.  In  a  not-living  organizable  fluid  we  have  good 

reason  to  suppose  that  a  living  unit  may  ori- 
ginate; and  this  being  so  we  should  have  in 
such  case  a  veritable  instance  of  the  passage 
of  the  not-living  into  the  living.  Life  would 
here  begin  de  novo  owing  to  the  occurrence  of 
certain  new  molecular  combinations.  To  this 
process  we  propose  to  apply  the  name  Arcbe- 
biosiB  ^ 

2.  Where  living  particles  or  portions  of  living  mattc'  -^ 

exist  in  a  fluid  or  semi-fluid  medium  some 

^  From  d/>x4t '  beginning/  and  ^i^,  *  to  live.' 
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these  may  aggregate,  as  a  result  of  which  after 
certain  mysterious  changes,  or  more  or  less 
directly,  there  may  originate  a  new-formed  ele- 
ment, reproductive  or  other.  As  instances  of 
this  process — for  which  we  propose  the  name 
BiocnuriB  * — ^we  may  cite  the  mode  of  formation 
of  ova  in  Nemat^ds  and  in  many  other  animals, 
of  the  spore  in  Vaticheriay  and  of  the  so-called 
^gonidial  cell'  in  Nitella, 
3.  New  units  may  arise,  without  obvious  differentia- 
tion of  pre-existing  living  matter,  by  the  well- 
known  processes  of  fissstm  or  gemmation.  Or 
again,  new  units  may  arise  owing  to  actually 
existing  living  matter  undergoing  a  process  of 
differentiation,  followed  by  a  simultaneous  divi- 
sion into  few  or  many  separate  living  things — 
by  a  method,  in  fact,  such  as  we  see  occurring  in 
the  reproduction  of  Frotomyxa  or  Achlja  2.  All 
such  modes  of  formation  of  living  units  we  pro- 
pose to  comprise  under  the  term  BiodiflBresiB  ^. 

'  From  ^(09,  *  life/  and  tcpoffu,  *  fusion/    We  are  at  present  speaking 

^y  of  the  origin  of  independent  units  in  pre-existing  organisms ;  and 

^I^erefore  we  only  incidentally  call  attention  to  the  most  typical  instance 

of  this  process,  viz.  the  fusion  of  two  originally  distinct  Amcdxx  into 

^  single  individuaL 

'  In  the  process  of  organization  of  pericardial  lymph,  other^-ise 
^^uilar,  the  new-formed  units  do  not  separate  from  one  another,  and 
^^e  therefore  somewhat  less  independent  The  mode  of  origin  of  the 
^^roductive  units  in  Acblya  and  Protomyxa  leads  us  on  almost  insensibly 
^«  the  process  of  Bioecenoiis — the  products  of  the  molecular  re  arrange- 
^^^lent  are  here  multiple  instead  of  single. 
'  From  fiiM, '  life/  and  Zuiiptoit,  *  division.' 
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4.  Living  matter  being  already  in  existence,  it  t-»i^y 

after  a  time  undergo  a  thorough  molecular  re- 
arrangement whereby  it  acquires  fresh  po^^i^^rs 
and  an  increased  vitality,  fitting  it  for  irm<ie- 
pendent  existence.  By  this  process — for  wlnJ>  ch 
we  propose  the  name  BioooBnosis  > — ^the  spor^  is 
produced  in  (Edogonium  and  other  algse,  s^nA. 
also,  after  'conjugation,'  in  FalmogUa  and  'the 
Zygnemeace^e  ^. 

5.  Lastly,  in  the   midst  of  already  existing  li-vi  «g 

matter  (in  the  form  of  cell  or  plastide)  th^^J'e 
may  arise  a  new  centre  of  growth  and  life,  whi-  ch 
may  subsequently  lead  an  independent  existeoi 


Such  is  the  mode  of  origin  of  the  embryo  in  js^^^ 
Fhanerogamia^  of  the  majority  of  spermatoz(^^^^ 
and  possibly  of  the  ova  in  Birds  and  Mammalr^^  ' 
also  of  nuclei  in  many  plastides,  which  xsa^^^ 
outlive  the  latter  and  subsequently  lead  an  ind^^^' 
pendent  existence.  These  processes  we  propos^^*^ 
to  include  under  the  name  Bioparadoflis^. 


'  From  i3io», '  life,'  and  Kouyoxrii^  *  renewal.'  ^^.^ 

"^  These  are  some  of  the  phenomena  spoken  of  by  Alexander  Bnxi:^^^"^ 

under  the  name  '  Rejuvenescence'  (Verjiingung). 

^  From  010$,  *  life,'  and  vapdScjau,  *  transmission.'    The  phrase  * 
cell   fonnation,'  as  used  by  older   writers,  includes  these  cndogcnou^^^^ 
processes,  and  also   that  which  we  designate  ArcbebiosU.     There   is^ 
moreover,  a  certain  resemblance  between  Arcbebiosis  and  Bioparadosi^' 
In  the  one  case  a  centre   of  Life  is  initiated  in   tlie  midst  of  dm 
organizable  matter,  whilst  in  the  other  it  is  initiated  in  an  equall* 
mysterious  way  in  the  midst  of  already  existing  living  matter.    Th« 


/ 
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Thus  we  have  in  all,  five  principal  processes  or  modes 
of  origin  of  living  units,  which  in  each  case  may  or  may 
not,  by  virtue  of  subsequent  developmental  processes, 
assume  the  ^  cell '  form : — 

Life-origination Archetiosh. 

Life-fiision Biocrasis. 

Life-division BioMitresss. 

Life-renewal Biacjenosts. 

Life-transmission BioparaJash. 

Althoi^h,  however,  we  have  arrived  at  a  very  strong 
presumption   that    specks   of    living    protoplasm    are 
evolved  Je  novo  in  certain  fluids  within  the  body,  it 
will  doubtless  at  first  be  said  by  many  that  such  an 
occurrence  affords  no  instance  of  a  passage  of  the 
not-living  into  the   living,  because  the  phenomenon 
takes  place  in  a  fluid  which  is  already  endowed  with 
Life.     Let  us  not  deceive  ourselves,  however,  by  any 
inconclusive  assumption.     The  organic  fluids  pertain- 
ing to    higher  animals   and   plants    can   be    said   to 
live  only  because  they  constitute  parts  of  living  organ- 
isms.    But  is  this  enough?    The  several  fluids  have 
each  peculiarities   of  their   own,  and    are    certainly 
very  different  from  one  another   in   their  degree   of 
elaboration.    Thus,  when  dead  organic  matter  in  the 
shape  of  food  is  introduced  into  the  stomach  of  an 

^"^^^  of  origin  of  the  zoospores  of  Conferva  area,  and  of  the   rc- 
pfodacdve   units  of  certain  Amoebie,  as  described  by  Nicolet,   may 
perhaps  be  regarded  as  instances  of  Bioparadosis  with  multiple  products 
'^tcad  <tf  with  the  origination  of  a  single  reproductive  unit. 


J ;()  nn.  />/.(;/.\\v/.\\.-s  <>/■  ///•/, 
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animal,  it  is  first  converted  into  chymj  j  then,  hav  in. 
been  absorbed  from  the  intestinal  canal  and  submit: ted 
to  the  action  of  certain  parts  of  the  lymphatic  system, 
it  is  converted  into  fully  elaborated   chyle,  whicks     is         ^ 
afterwards  poured   into  the   proper  vascular   systeni 
Now  when,  during  this  process,  does  the  solution     <x 
d  jad  organic  matter  assume  the  qualities  of  Life  ?  when,        ]*' 
or  at  what  stage,  does  it  become  a  living  fluid  ?  is  it,         '^^. 
in  fact,  ever  anything  else  (even  in  its  most  elaborate         *^^  , 
condition  of  blood-plasma)  than  a  mere  organizat^lc 
solution  of  organic  compounds,  capable  of  acting       ^  .^ 

pabulum   for  already   existing  living  matter,  and        ^  l 

permitting  the  Je  novo  origination  of  new  centres  .' 

growth  and  Life?     Certain  it   is  that  at  some  sta^-"^ 
the  passage  from  the   not-living  to  the   living  "^"-^^^^jc 
be  effected;   and   the   process   is   probably  not  ^^'^^^'^^Lti 
abrupt  than  that  reverse  process  by  which  living  matt^^      ^g 
again  reverts  to  not-living  materials,  such  as  arc  cast  o  ^^       ^\c 


in  various  excreted  fluids.     Starting  with  dead  organic »^  3J\ 

and  inorganic  matter,  imbibed  as  food,  we  pass,  in  a.^  ,  ^^ 

living  animals  and  plants,  through  fluids  of  various  d^*-^  ^^ 
grces  of  elaboration,  till  we  find  these  food  ingredient ^^^^'^^ 

l)ecoming  converted  into  actual  Living  Matter.    Tfc/  -*'  ^ 

animal  or  plant  is  nourished,  and  grows  by  the  occurrcn^^^  . . 
<jf  such  a  process.    We  contend,  however,  that  the  flui» ^  *^ 


concerned  cannot  be  said  to  live.    The  property,         ^  f   ^ 
aggregate  of  properties,  designated  by  the  word  *Lift-^*^ 
docs  not  pertain  to  the  fluids  themselves,  though  th-^"*-^^^ 
constitution  is  such  as  to  favour,  under  the  influei^  -^ncc 
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^  certain  conditions,  new  modes  of  collocation  amongst 
^  niolecules  of  the  matter  in  solution,  whereby  the 
'^^'Jsition  may  take  place  from  the  not-living  to  the 
^^Qg.  When  these  molecules  aggregate  so  as  to  form 
^  smallest  conceivable  specks  of  protoplasm,  then 
^  nascent  or  potential  pass  into  actual  Life.  But, 
tDay  well  be  asked,  must  not  the  process  be  essentially 
^lar,  whether  we  have  to  do  with  the  phenomena 
giowth  or  the  phenomena  of  evolution  ?  In  each  act 
^rpwth  not^livtng  matter  must  be  converted  into  matter 
tfich  lives  $  just  as  we  now  suppose  such  a  process 
'  occur  when  the  minutest  specks  of  living  matter 
ise  in  homogeneous  organizable  fluids.  We  are  as 
^erless  to  explain  the  one  process,  of  which  no  one 
^ibts  the  reality,  as  we  are  the  other,  which — in  part, 
^cause  it  is  less  familiar — so  many  seem  to  think 
^  impossible  one.  That  living  matter  is  capable  of 
^owing  and  increasing  in  bulk  is  an  obvious  and 
^deniable  fact.  Physiologists  and  others  can,  how- 
ler, if  they  choose,  doubt  the  reality  of  the  occur- 
ence of  that  to  which  we  have  been  alluding,  since 
trcketiosisy  far  from  being  obvious,  is  even  extremely 
ifficult  to  establish  with  certainty.  And  accordingly, 
fiWlst  many  physiologists  readily  grant  that  during  the 
?owth  of  organisms  the  not-living  .  does  continually 
^ass  into  the  living  under  the  influence  of  physi- 
^  forces  alone  \  they,  influenced  by  old  theoretical 

'  It  cannot  of  course  be  expected  that  those  physiologists  who  still 
"•''^▼c  in  the  existence  of  a  special  'vital  principle'  should  so  easily 
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considerations  which  they  are  unable  thoroughly  ' 
aside,  cannot  bring  themselves  to  believe — ^think 
fact,  a  stupendous  step  to  have  to  imagine — th 
same  matter  and  the  same  forces^  should  be  able  of 
selves  to  collocate  into  independent  centres  of  g 
Whilst  teaching,  as  they  implicitly  or  explicitly  d 
the  growth  of  organisms  is  a  process  akin  to  c 
lization  (a  process  which  has  to  do  only  with  or 
matter  of  a  certain  kind  acted  upon  by  ordinary 
they  nevertheless  persist  in  believing  that  — 
the  crystal  can  and  does  originate  Je  novo  by 
of  the  action  of  those  molecular  affinities  whij 
potential  in  its  growth — ^the  oiganism  is  quite 
similarly  to  originate  by  the  play  of  those  very 
affinities  which  are  afterwards  alone  admitted 
necessary  for  its  increase.  Whilst  the  first  part 
a  crystal  owes  its  origin  to  the  same  causes  as 
which  subsequently  determine  its  growth,  the  fin 
tide  of  a  living  organism,  though  also  substa 
similar  to  those  which  are  subsequently  form 
arbitrarily  assumed  to  be  incapable  of  arising  unr 
influence  of  the  causes  which  are  believed  to  detc 
their  existence.  This  assumption  is  obviously  o] 
to  what  we  might  expect  a  pr/ar/.  The  real  pc 
view,  therefore,  for  the  emancipated  scientific  ec 
of   the    present   day,    in    looking    into   the   ev 

become  converts  to  a  (loctrine  of  evolution  by  which  the  not-l 
through  a  series  of  succcsbivc  changes,  supposed  to  be  conyer 
the  living. 
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^^^^ring  upon  this  subject,  is  rather  to  see  whether 
It  tends  to  countenance  an  assumption  so  contradic- 
^07  to  the  present  teachings  of  biological  science,  or 
Aether  it  is  now  altogether  and  more  strongly  in 
«vour  of  the  doctrine  of  Evolution. 


ARCHEBIOSIS. 
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CHAPTER   VJ. 

C£ANIK6S    ATTACH]^)   TO   TERM   'SPONTANEOUS  GENERATION.' 

le  term  should  be  discarded — bemg  bad  and  insufficient.    Includes 
two  fimdamentally  different  sets  of  phenomena.     Influence  of 
general  Tiews  concerning  *  life.'    Opinions  of  Burdach.     Meanings 
of  terms  Homogenia  and  Htttrogtnia,    Burdach,  BufTon,  Needham, 
Poochet,  and  others,  never  believed  in  ArcMiotis,    This,  antago- 
nistic to  their  general  views  concerning  Life.    Previous  use  of  term 
Hitten^etum  therefore  correct  and  may  be  retained.    May  occur 
during  life  of  Oiganism  as  a  whole,  or  after  its  death.    Modes  of 
origin  of  living  things. 
lews  of  earlier  writers  concerning  'Spontaneous  Generation.'   Aristotle, 
Ovid,  and  others.    Continuance  of  these  views  till  time  of  Harvey. 
IX>abt  as  to  his  exact  doctrine.    Experiments  and  opinions  of  Redi, 
N'eedham,  BufTon,  Spallanzani,  and  Bonnet.   Views  of  other  writers 
at  dose  of  last  and  early  part  of  present  century.   Contrast  between 
doctrines  of  Lamarck  and  Burdach.      Observations  of  Pineau. 
Views  of   Ehrenberg.    Experiments  of  Schwann  and  Schultze. 
Writings  of  M.  Pouchet.     Vigorous  discussion   excited  thereby. 
Labours  of  M.   Pasteur.    Modem  aspects  of  discussion  to  be 
more  fully  explained  hereafter. 

AS  human  knowledge  increases  concerning  any 
department  of  science  it  almost  always  becomes 
necessary  to  give  up  some  terms  or  modes  of  ex- 
pressions long  in  use,  and  which  may  not  have  seemed 
^ty  whilst  the  science  was  in  its  infancy.  Certain 
^  them,  however,  may  gradually  become  less  and  less 
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suitable,  because  they  convey  notions  absolutely  irrccc*  :*^' 
cilable  with  the  later  development  of  knowledge  ^r^n 
the  subject,  or  because  they  are  too  vague  and  gcner  ^^* 
Hence  it  is  that  the  phrase  '  spontaneous  generatio  '^^ 
should  be  rejected  in  the  present  day.  The  phenome^*^^ 
hitherto  referred  to  under  this  name  are  no  mc:^^^ 
'spontaneous'  than  are  any  others  which  take  plai — ^ 
in  accordance  with  natural  laws.  The  phrase  is,  moi 
over,  utterly  inadequate,  since  under  it,  if  retain 
we  should  have  to  include  two  sets  of  phenomena 
least,  which,  in  the  present  day,  ought  to  be  carefti 
discriminated  from  one  another. 

This  discrimination  has,  however,  been  attempt 
only  by  a  few  writers.     Many  who  have  written 
the  subject  ot  ^  spontaneous  generation '  have  failed 
appreciate  the  full  extent  of  the  diflFerence  whidi  exi 
between  the  origin  of  living   things   from  not-Iivi 
materials  (Archebiosis),  and  their  origin  in  whatc 
fashion — whether  by  modes  which  are  familiar,  or 
others  which  are  unfamiliar — ^from  the  substance  o 
pre-existing  living  thing.    This  diflFerence,  which  is 
little  dwelt  upon  by  some,  assumes  in  the  minds 
others   an  overwhelming   importance — they   might 
open  to  conviction  as  to  the  possibility  of  living  thi 
arising  by  previously  unknown  methods  fiom  the  ma*^ 
of  pre-existing  living  things,  whilst  they  would  re^ 
the  origin  of  living  things  from  not-living  materials 
be  altogether  impossible.    In  the  first  set  of  cases,  \xO 
ever  bizarre  the  mode  of  generation  might  be,  tfc» 
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be  a  continuity  of  Life — the  peculiar 
g  matter  would  be  directly  communi- 
tted,  although  such  living  matter  might 
des  of  growth  and  development ;  but  in 

of  Archebiosis  they  would  have  to 
tual  new  creation  of  the  special  and 
hing'  which  they  mentally  associate 
Life/ 

iews  entertained  concerning  Life — its 
eaning  to  be  attached  to  it  as  a  term — 
II  influence  in  producing  a  variation  in 
1  di  different  writers  as  to  the  nature  of 
na.  Thus,  statements  which  appear  to 
istent  only  with  a  belief  in  Archebiosis, 

in  conjunction  with  the  general  views 
ften  found  not  to  warrant  such  a  con- 
lay  be  best  explained  by  a  reference  to 

two  or   three  well-known  writers  on 

lume  of  his  *  Physiologie,*  published  in 
introduced  the  words  Hamogenia  and 
names  for  the  two  principal  class 
the  mode  of  origin  of  living  things. 
le  class-name  applied  to  the  processes 
idividual  results  from  a  pre-existing 
lilar  to  itself  in  organization^  whilst 
the  class-name  for  processes  by  which 
ise  from  the  matter  of  pre-existing 
;ing  to  a  totally  different  species. 
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Concerning  these  latter  processes  Burdach  saidi>- 
^  On  appelle  HeterogMe  {gemerstio  heterogemeay  frimlthtf 
frimlgena^  originaria^  sfOMtanes)  toute  production  d'ftit 
vivant  qui,  ne  se  rattachant,  ni  pour  la  substance  ni  poor 
roccasion,  k  des  individus  de  la  mSme  espece^  a  poor 
point  de  depart  des  corps  d'un  autre  esp^ce,  et  depend 
d^un  concours  d^autres  circonstances.     C'est  la  mani* 
Testation  d'un  £tre  nouveau  et  denu^  de  parens^  par 
consequent  une  generation  primordiale,  ou  un  otatioii.' 
So  far,  this  would  seem  to  intimate  the  possibility  rf 
the  formation   (by  Heterogeny)  of  living  things  (»ly 
from  the  matter  of  pre-existing  organisms,  but  Burdad^ 
did  not  really  confine  himself  to  this  doctrine,  as  cofl 
be  seen  from  the  following  quotation  taken  from  ^^ 
next  page.     He  says : — ^  Nul  doute  que  notre  plaX^^ 
ne  soit  arrivee  par  degres  k  son  etat  actuel,  qu'k    "^ 
epoque  tres  reculde  elle  n'ait  ete  inhabitable  pour 


6tres  organises,  et  que  tous  ces  Stres  ne  soient  fort 
peu  k  peu  sans  parens,  consequemment  par  la  voi< 
rheterogenie.  Si  Ton  juge  d'apres  ce  fait  et  aut:^ 
semblable,  la  terre  a  possede  jadis  un  exuberance 
farce  plastique  ^  cette  force  ne  peut  point  avoir  ^^ 
transitoire  et  accidentellej  elle  ne  peut  avoir  c 
qu'essentielle  et  inseparable  de  la  nature,  elle  ne  sac> 
rait  done  etre  eteinte  actuellement.  Limitee  quant  ^ 
I'etendue  de  ses  manifestations,  elle  continue  toujour^ 
d'agir  pour  la  conservation  de  ce  qui  a  tte  cr^,  et^ 

^  In  the  second  edition  of  his  work,  as  translated  by  Joordan — ^*Tnute 
de  Physiologie,'  1837,  t  i.  p.  8. 
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I  ne  maintienne  les  formes  organiques  supd- 
t  par  la  seule  propagation,  il  ne  repugne  point 
;ns  de  penser  qu'aujourd'hui  encore  elle  a  la 
de  produire  les  formes  inferieures  avec  des 
h^rog^nes,  comme  elle  a  cre^  originaire- 
ce  qui  poss^de  I'organisation/  But,  although 
age  shows  that  Burdach  believed  in  the 
of  the  origin  of  living  things  from  what 
I  not-living  materials,  nevertheless  he  did 
^e  that  in  such  a  case  there  would  be  a 
f  a  something  altogether  new,  which  we  term 
This  divergence  arises  from  the  nature  of  his 
I  views.  The  whole  universe  is  to  him  the 
of  organisms,  and  endowed  with  Life.  Else- 
i  says:— < Mais  si  Tunivers  est  Torganisme 
lacune  de  ses  parties  doit  6tre  un  tout  or- 

II  y  a  plus  encore :    la   force   du 

etre  inh^rente  k  chaque  chose  particulifere, 
'ement  nous  rencontroms  des  traces  de  vie  dans 
mce  quelconque  ^*  Similar  considerations  have 
en  into  account  before  we  can  thoroughly 
id  the  doctrines  of  Pouchet,  and  those  of 
!^eedham,    and    others    who    are    professed 

le  Physiol.*  t.  iv.  p.  149. 

don  of  Force  to  Life  seems  to  have  been  clearly  seen  by 
osc  doctrine  approximates  to  that  of  Schelling.  We  differ 
cting  the  attribute  *  living  '  to  its  conventional  use ;  though 
ognize  that  all  things — whether  living  or  not-living — are 
y  related  from  the  point  of  view  of  the  origin  of  their 
or '  qualities.' 
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^vitalists/      They  all  agree  that  pre-existing 
force'  of  some   kind — pre-existing  Life,  there 
is  necessary,  and  that  without  the  agency  of  t 
living  thing  can  come  into   being.     M.  Poucb 
not  believe  in   what  we  term  *  Archebiosis,'  ai 
quite  legitimately  called  himself  a  heterogenist 
cause  the  molecules  of  the  infused  animal  or  veg 
substances  (with  which  alone  he  experimented) 
supposed  by  him  to  be  possessed  by  some  special 
force,'  or  *  force  plastique/  under  whose  directive  a 
the  new  collocations  arose  ^    He  says^: — *I  have  a 
thought  that  organized  beings  were  animated  by 
which  are  in  no  way  reducible  to  physical  and  cIk 
forces/     And  accordingly  M.  Pouchet  has  nevi 
tempted  to   show  that  living  things  might  com* 

*  In  this  point  of  view  he  is  indeed  supported  by  the  doctrines  ani 
quite  recently  by  a  celebrated  French  chemist,  concerning  'corf 
organist.'  M.  FnSrny  says  (* Compt.  Rend.'  t.  Ixvii.  p.  1 165) : — •  C' 
sont  les  albumines,  la  fibrine,  la  cas^ine,  les  substances  vitellines,  < 
synthase  chimique  ne  les  reproduit  pas.  II  est  impossible  selon  m 
consid^rer  comme  des  principes  imm^diats  d^finis :  je  les  designe, 
nom  gdn^ral  de  corps  himiorgamtfs^  parce  qu*ils  tienncnt  le  milit 

le  principe  imm^iat  et  le  tissu  organist lis  ne  sont  pas 

organist  mais  cependant  ils  sont  dou^s  d*une  veritable  force  vit 
sous  I'influence  de  I'air  humide  ils  entrent  en  decomposition  cod 
coq^s  vivants  et  r^ellement  organises.'  He  says  also: — *«h  ri 
la  foret  vital*  qu*ils  possddentf  ils  ^prouvent  alors  des  dtfcomp* 
successives,  donnent  naissance  k  des  derives  nouveaux,  et  engendi 
ferments  dont  la  production  n'est  pas  due  k  une  ginirathn  $p^ 
mais  ^  une  force  vital  pr^existante  dans  les  corps  h^miorganis^ 
s'est  simplement  continude  en  se  manifestant  par  les  transfon 
organiques  les  plus  varices.' 

'  •  Heterogenie/  1859,  p.  428. 
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V)dng  in   solutions  which   had    previously  contained 
Qicrely  mineral  ingredients.     This  was  only  possible, 
^  thought,  in  organic  solutions,  the  matter  of  which 
tad  been  previously  formed  under  the  influence  of  Life, 
and  whose  properties  it  still  retained  ^    The  postulation 
by  Necdham  of  a  special  *  force  vegetative/  and   by 
BofloQ  of  the  invariable  agency  of  vital,  though  imma- 
terial, ^molecules  organiques,'  suffice  to  place  them  in 
tius  same  category:   they  are  all  persons  whose  thco- 
'etical  views  have  been  framed  in  such  a  way  as  to 
*»clude  the  possibility  of  their  belief  in  the  origin  of 
^  living  from  the   not-living.      The   possibility  of 
Anicbiosis  not   being  one  of  the  elements  of  their 
Philosophical  creed,  they  would  give  a  different  inter- 
Pf'etation  to  certain  facts  which,  in  the  minds  of  others, 
''^ight  seem  to  testify  to  the  occurrence  of  such  a  process. 
Seeing  that   the   notion   represented   by   the    word 
Archebiosis'  is  one  which — on  account  of  these  theo- 
*'^ical  views— does  not  very  often  occur  in   previous 
^^itings   upon   ^spontaneous   generation,'  and   seeing 
*^Ow  desirable   it   is  to  separate  this   idea  from  that 

^  Many  will«  however,  rather  agree  with  us  in  thinking  that  a  mere 
^latioa  made  by  infusing  aninial  or  vegetable  tissues,  has— apart  from 
^^^ms  of  living  things  which  it  may  contain — no  more  title  to  the 
^Mhet '  living,*  than  has  any  solution  of  mineral  substances  a  right  to 
^^Ich  an  appellation.  For  those  who  hold  such  opinions,  therefore,  the 
Appearance  of  living  things  in  organic  solutions  (aAer  all  pre-existing 
forms  had  been  destroyed^  should  it  occur,  would  be  as  much  a  case  of 
^be  origin  of  the  living  from  the  not-living,  as  if  the  new  forms  of  life 
^Ubd  appeared,  in  spite  of  similar  precautions,  in  solutions  containing 
Uiere  minieral  pr  saline  constituents. 
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primarily  indicated  by  Heterogensay  it  seems  to  us  ^ 
all   the   necessities  of  the  case  will   be   met  by 
introduction  of  the  one  new  term  *  Archebiosis.'    i 
will  permit  the  limitation  of  the  word  *  Heterogemd 
*  Heterogenesis^,  to  the  sense  originally  given  to  it 
Burdach's  definition,  and,  as  we  have  seen,  to  the  se 
in  which  it  has  almost  invariably  been  employed  ^ 

It  is  a  matter  of  altogether  secondary  importar^^ 
whether   the   individualisation   of  the  portion  of  t- 
matter  of  an  organism  (with  power  of  independ^ 
development)  takes  place  during  the  life  of  the  oi 
ism  or  after  its  death.    As  we  have  already  seen, 
organism  is  an  organic  whole  made  up  of  a  number 
partially  independent  living  units.     The  death  of 
organism  we  have  compared  to  the  arrest  of  motion  i 
complex  machine ;  it  does  not  at  once  entail  the  d 
of  the  matter  entering  into  its  composition.    There  i 

*  The  word  '  Hoterog^^nbse*  was  first  used  by  Breschct  in  the 
'Dt'viation  Organique*  in  the  first  edition  of  the  *  Dictionnaire  dc 
(t.  vi.  1833).    He  divided  monstrosities  into  four  dasscs :  (i)  AighA 

■  

(i)  Hypcrgt^n^ses,  ^3)  Diplog^n^ses,  and  (4)  Het^rog^^ses ;  and 
he  pro])oscd  to  dcscril)c  in  detail  in  the  article  *  Motutrmuite.' 
however,  was  never  done ;  the  latter  article  being  written  instt 
Andral,  without  reference  to  Breschet's  classification,  which  was  n. 
accepted.  In  the  second  edition  of  the  *  Dictionnaire  de  M^ecine.'* 
article  *  Monstruosit^'  was  written  by  Ollivier,  who,  in  an 
criticism  of  Breschet's  system*  called  special  attention  to  the 
factory  nature  of  the  division  Hutcrogvnbses,  under  which  were  ind' 
conditions  which  had  no  sort  of  relationship  to  one  another, 
albinism,  extra-uterine  fcctation,  displacement  of  viscera,  &c.  No 
tion,  therefore,  can  be  made,  on  the  score  of  previous  appropriaa.^^** 
to  the  transition  from  *  Heterogenia '  to  *  Heterogenesis,'  whicl>>  ^^ 
gradually  been  brought  about. 
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ssation  only  of  the  combined  action  which  constitutes 
oe  life  of  the  entire  organism,  though  its  constituent 
parts  continue  to  live  for  a  time,  and  gradually^  at 
<&ficrent  intervals,  lapse  into  the  condition  of  mere 
dead  matter.  It  is  unimportant,  therefore,  in  order  that 
hctcrogeny  may  occur,  whether  a  certain  portion  of 
the  matter  of  an  organism  becomes  individualised  into 
a  distinct  and  independent  living  thing  during  the 
life  of  such  organism,  or  after  its  death,  so  long  as  its 
individual  parts  continue  to  live  *.  When  death  has 
^^oce  fallen  upon  these — when  they  have  lapsed  into  the 
condition  of  mere  not-living  organic  matter — no  further 
^nizing  changes  are,  for  a  time,  possible.  The  matter 
'''Ust  undergo  solution,  and  must  give  up  its  solid  form ; 

'  M.  Milne>Edwards,  in  his '  Ix^ons  de  la  Physiologie  et  dc  1' Anatomic 

^-'^tUpartc'  (186S,  t.  8"«.  p.  251),  thinks  this  difference  one  of  more 

^'^'portinoe,  apparently ;  for,  though  he  does  not  believe  in  the  occur- 

'^^'^  of  either,  he  proposes  that  the  fir&t  process  should  be  spoken  of  at* 

^'^^9vg4mit,  and   the  second  as  z/inogenit.      What  we  term  ArebebiMs^ 

^  spoke  of  as  '  agimitiqui  mode  d*origine '  of  organisms.     We  have 

.^^deaTonzed  to  show  that   this  process  has   only  very   rarely  been 

^^nded  under  the  word  *  H^t^rogtoie ' — which  has  almost  invariably 

^cn  used  to  signify  what  M.  Milne-Edwards  needlessly  includes  under 

/^«  two  words  zimoginii  and  ndcrogenie.     His  statement,  therefore,  that 

^^    place  of  the  word  zeitogenh,  he  should  have   preferred   *  le  nom 

^^heliroginu  si  ce  nom  n'avait  d6)k  reyu  une  acceptation  differente  et 

^^^anooup  plus  ^tendtie,'  refers  only  to  its  having  been  used,  as  he 

^lipposes,  as  an  equivalent  to  all  the  processes  which  have  been  spoken 

^  under  the  head  of  '  spontaneous  generation.'    This,  however,  is  an 

^ironeous  supposition.    The  surrender  of  the  word  *  Heterogenic '  is, 

therefore,  no  more  necessary  than  desirable ;  and  it  is  fortunate  that 

this  is  the  case,  because  the  word  is  already  so  deeply  stamped  into  the 

litetrnture  of  this  and  other  coiintries  that  any  change  would  cause  much 

CODnlSiOO* 
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and  then,  if  new  living  things  appear,  we  have  n 
to  do  with  Heterogeny,  but  rather  with  Archeb: 
As  to  the  various  modes  in  which  HeSerog 
occur,  we  will  say  nothing  more  at  present  thai 
found  in  the  following  table.  Numerous  vj 
will  be  subsequently  described- 

r  Arohebiosis 


Origin 

OF 
J-,IVINO 

Things. 


(primordial   ori- 
gination). 


{ 


HitiFogenedc.    •< 


Beproduotion 
(from    pre-exist-  -« 
ing  living  things). 


HomogenetiCm 


From  not 
terials. 

1.  From  a 
the  livin] 
a  pre-cj 
^inism  t 
death.  {I 
death. 

2.  By  a  mo 
tamorph* 
matter  o 
organisn 

3.  By    the 
phosis  fu 
many    n 
ganisms. 

I.  Indirect. 
*  altemal 
col  gene 

a.  Direct.  ( 
developn 
the  lika 
parent. 

Having  briefly  indicated  the  nature  of  the  \ 
which  require  to  be  carefully  discriminated  f 
another,  we  will  now,  before  enquiring  into  ti 
bility  of  Archebiosis  taking  place  in  the  presej 
of  the  earth's  history,  briefly  enumerate  som< 
diflFerent  opinions  which  have  been  expressed  b 
writers  on  the  subject  of  ^  spontaneous  generati< 

*  These  are  the  cases  for  whidi  Mr.  Herbert  Spencer  has  ap 
the  term  *  Heterogenesis'  (sec  •  Principles  of  Biology/ vol.  L  p. 
abov/e  arrangement  would,  we  think,  meet  his  reqpiiempnt^ 
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^^otle  believed  in  the  ^spontaneous'  origination 

^Is  and  other  fish  out  of  the  slimy  mud  of  rivers 

^^^   marshes;  also  that   certain  insects  took  origin 

^'^  the  vernal  dew  on  plants;  and  that   lice  were 

spontaneously   engendered    in    the   flesh   of  animals. 

^^  believed  also  that  animals   might  proceed  from 

^^getables — that  the  caterpillars  of  certain  butterflies, 

^^  instance,  were  actually  the  products  of  the  plants 

**Pon  which  they  feed.    Some  of  these  beliefs  were 

^<^hocd  by  Lucretius  ^  and  Ovid  more  than  two  hundred 

y^ars  later.    When  the  latter  of  these  poets  had  de- 

scribed  the  means  adopted  by  Deucalion  and  Pyrrha 

*^r    repeopling  the  world  after  the  deluge — how  the 

"ackwardly-thrown  stones,  the  bones  of  mother  earth, 

B'^w  into  human  beings — he  thus  accounts  for  the 

Origin  of  all  the  lower  living  things: — 

*Caetera  diversis  tellas  animalia  formis 
Sponte  sua  peperit,  postqoam  vetus  humor  ab  igne 
Percaloit  Solis,  coenumque  udseque  paludes 
Intumuere  aestu :  fecundaque  semina  rerum 
Vivad  nutrita  solo,  ceu  matris  in  alvo, 
Creverunt,  faciemque  aliquam  cepere  morando. 
Sic,  ubi  deseryit  madidos  septemfluus  agros 
Nilus,  et  antiquo  sua  flumina  reddidit  alveo, 
iEthereoque  recens  exarsit  sidere  limus; 
Plurima  cultores  versis  animalia  glebis 
Inveniunt,  et  in  bis  quasdam  modo  coepta  per  ipsum 
Nascendi  spatium,  qusedam  imperfecta,  suisque 
Tnmca  vident  numeris:  et  eodem  corpore  s«pe 
Altera  pars  yivit,  rudis  est  pars  altera  tellusV 

*  Dc  Rerum  Natura,'  lib.  ▼.  793. 
«^    This  passage  (Metamorph.  bk.  i.  416-439)  has  been  thus  translated 
^  X>ryden:— 


J. '4  ^'^■^'■-    /■'/  ^-/.'v'.W  \V;.s    OF  I.I  I- E 


Such  an  origin  for  various  kinds  of  animals  was  also 


referred  to  by  Diodorus  Siculus  and  by  Plutarch — th 
soil  of  Egypt,  and  the  bed  of  the  Nile  in  particular, 
being  more  especially  alluded  to  as  the  seat  where  su< 
marvels  had  been  observed.    Ovid,  moreover,  speaks  ot 
bees  originating  in  the  putrefying  flesh  of  a  bull. 

These  old  and  crude  notions  as  tQ  the  possibility  o* 
the  new  evolution  of  complex  and  highly  organizo^^^j 
animals  out  of  decaying  organic,  and  even  out  of  i 
organic  materials,  survived  till  far  on  into  the  middl 
ages.    The  influence  of  the  teachings  of  Aristotle  w 
still   all-powerful    in    such    subjects.    What    he 
affirmed,    multitudes    implicitly    believed    for 
centuries. 

The  transition  from  the  ancient    to  the   mode         yj 
popular  view,  was  initiated  by  that  illustrious  pt — :5/- 


*  The  rest  of  animals  from  teeming  earth 
Produc'd,  in  various  forms  receiv'd  their  birth. 
The  native  moisture,  in  its  close  retreat 
Digested  by  the  sim's  stherial  heat 
As  in  a  kindly  womb,  began  to  breed. 
Then  swell'd  and  quicken'd  by  the  vital  seed. 
And  some  in  less,  and  some  in  longer  space. 
Were  ripen'd  into  form  and  took  a  several  £ftoe. 
Thus  when  the  Nile  from  Pharian  fields  is  fled. 
And  seeks,  with  ebbing  tides,  his  ancient  bed. 
The  fat  manure  with  heav'nly  fire  is  warm'd: 
And  crusted  creatures,  as  in  wombs,  are  formed; 
These,  when  they  turn  the  glebe,  the  peasants  find; 
Some  Ride,  and  yet  unfinished  in  their  kind. 
Short  of  their  limbs,  a  lame  impierfect  birth; 
One  half  alive,  and  one  of  lifeless  earth.' 
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sidaji  and  biologist,  William  Harvey,  the  discoverer 

^^  the  circulation  of  the  blood.     The  modern  theory 

^^  development  (Epigenesis)  dates  from  a  celebrated 

^'■^atise    by  Harvey,   entitled   Exercitatianes    de  Gene- 

^^timte  AmrnmUum  1  and  he  also  is  commonly  believed 

"^o  have  taught  the  doctrine  of  the  continuity  of  Life 

^11    our  globie,  as  opposed  to  views  concerning  its  de 

origination*     But    although,  apparently,  a  dis- 

iever  in  the  doctrine  that  living  things  could  take 

^^""ijin  firom  not-living  materials  (Archebiosis),  Harvey 

'^^as  a  firm  believer  in  Heterogenesis.     On  this  subject 

Bujdach  said^: — ^^The  rallying-cry  of  the  adversaries 

^^  spontaneous  generation  is  the  following  sentence, 

'^sting  upon   classical  authority :   ornne  vsvum  ex  ovo. 

^^t  they  can  only  quote  this  sentence  in  support  of 

^*^«ir  opinion  by  neglecting  the  spirit  and  fixing  merely 

l^H  the    letter   of   what   was  said.      Valentin  has 

*^ady  called  attention  to  the  fact  that  Harvey  him- 

^^*^^  far  from  wishing  to  deny  thereby  all  spontaneous 

^^^cration,  used  the  word  "egg**  as  a  general  term  to 

^^ignate  a  substance  capable  of  germinating — that  is 

^ay,  for  every  kind  of  matter  which  develops  immedi- 

^y  into  an  organised  body — and  that,  consequently, 

^    extended  this  denomination  even  to  the  substance 

^ilcd  "  primordial  mucus  2."  *    It  seems  quite  certain, 

^"^m  many  passages  in  Harvey's  writings,  that  he  was 

'Traits  de  Physiologic,*  and  edition,  1837,  ^  >•  P>  ^^• 
^liis  is  the  name  given  by  Burdach  to  the  pellicle  which  forms  on 
^K»uic  infnsions. 


j.V)  nil:  iuaiixxixgs  of  life. 


still  a  believer  in  Heterogenesis  ^,  though  it  is  sorr  '^^ 
what  doubtful  whether  he  had  rejected  the  old  notiu-^^ 
as  to  the  direct  origin  of  the  living  from  the  not-liviir:^:^^ 
Although  grave  doubts  may  be  entertained,  therefore,  ^ 
to  the  propriety  of  expressing  Harvey's  doctrine  by 
phrase  cmne  vkmrn  ex  (fvo^  it  is  not  even  altogether 
from  doubt  whether  the  modification  su^ested 
M.  Milne  -  Edwards,  omne  vhmm  ex  vruo^  really  ei 
bodies  the  notion  taught  by  Harvey.  In  illustrati 
of  this  difficulty,  we  need  only  quote  the  fbllowL 
general  statement  made  by  Harvey  in  summing  up 
doctrines  2 : — ^  His  autem  omnibus  (sc.  animalibus  ^ 
stirpibus)  ....  sive  sponte,  sive  ex  aliis^  sive  in  aL5-i- 
vel   partibus,  vel  excrementis  ebrum    putrescentil^**^ 

oriantur id  cammttne  esty  ut  ex  frimc^h 

gtgnanfuTy  adeo  ut  omnibus  viventibus  primordium  ii 

ex  quo  et  a  quo  proveniant Di versa  scili^^^ 

diversorum   viventium   primordia;    pro  quorum  vSLwio 
discrimine  alii  atque  alii  sunt  generationis  animalii-soi 
modi,  qui  tamen  omnes  in  hoc  uno  conveniunt,  qiMod 
a    primordio  vegitali,    tanquam   e  materia    efficie^^=3ti 
virtute  dotata,  oriantur:  difiPerunt  autem,  quod  prkMih 
ordium  hoc  vel  sponte  et  casu  erumpat,  vel  ab  s^lio 
prxexistente    tanquam    fructus    proveniant.'      Whilst 
every  living  thing,  therefore,  is  said  to  derive  its  iJn- 
mediate  origin  from  a  ^  living  principle,'  Harvey  a-lso 

*  Attention  was  again  prominently  called  to  this  fiict  in  1865,  b3^  ^^' 
Pouchet. 

•  Loc.  cit.  p.  370. 
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that  this  ^primordium'  might  arise  ^sponte 
so  that  he  can  scarcely  be  said  to  have  been 
wliever  in  the  continuity  of  Life, 
irst  adversary  who  seriously  attacked  the  old 
1  accepted  doctrines  was  Redi,  a  Florentine 
1,  who,  in  1638,  announced  and  demonstrated 
ne  of  the  learned  academies,  of  which  he  was 
a-,  that  the  maggots  which  appear  in  putrefying 
deposited  by  fiies^  and  are  not  engendered,  as 
I  generally^  supposed,  in  the  flesh  itself.  This 
ration  gave  rise  to  much  discussion  at  the  time, 
oubtedly  shook  the  faith  of  many  in  the  truth 
»ld  doctrines.  But  even  Redi  himself,  it  ap- 
ther  attempted  to  disprove  some  alleged  cases 
taneous  generation,'  than  to  disprove  the  whole 
,  He  inclined  to  the  belief  that  parasites  were 
I  from  a  modification  of  the  substance  of  the 

nr.  M.  J.  Berkeley  has  lately  called  attention  to  the  fact  that 
B  fully  aware  of  the  real  origin  of  the  larvs  which  appear  in 
carcases.      In  Iliad  xix.  23-17  there  occurs  the  following 

dAXck  /x<SA'  obmt 
LM^t2b»  fxfi  fJUH  r6<PfM  Mcvoir/ov  &Kkiimv  vlbv 
Mvuu  KaJWwrai  kot^  x^OLkKorvmow  iuruXdi* 
EAXflb  Iyyc/mmtcu,  iitiKLaawji  82  vtKpuv — 
*£«  8'  cloJ¥  w4<parat — learti  82  XP^^  wiarra  aair^. 

thus  rendered  in  the  late  Lord  Derby's  translation : — 

•Yet  fear  I  for  Menoetius*  noble  son, 
Lest  in  his  spear-inflicted  wounds  the  flies 
May  gender  worms,  and  desecrate  the  dead. 
And,  life  extinct,  corruption  reach  his  flesh/ 

S 
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animal  In  which  they  were  found.     And,  similarly, 
believed  that  the   grubs  which  are   to  be  met  w-^ 
in  the  galls  of  plants,  are  produced  by  a  modificati 
of  the  living  substance  of  the  plant — these  galls  bcii::^ 
in  fact,  as  he  thought,  organs  destined  to  produce  su 
animals  '•    In  1745^  Ncedham,  who  was  shortly  aft^ 
wards  elected  a  Fellow  of  the  Royal  Society  of  Lo- 
don,  came  forward  with  much  additional  evidence 
favour  of  the  doctrine  of  ^  spontaneous  generation,*  as 
affirmed  that,  if  the  mere  putrefaction  of  meat  coia 
not  of  itself  engender  insects,  as  Redi  had  shewn, 
could  at  least  give  origin  to  myriads  of  microsco^ 
animalcules.    Four  years  after  the  publication  of  Nee 
ham's  researches,  the  great  naturalist  Buflfbn  expouncE 
his  views^  concerning  ^organic  molecules,*  and  the  u 
versal  origination  of  the  lowest  forms  of  animal  Id 
by  a  process  answering  to  what  was  termed  ^s 
taneous  generation/     He  said: — ^ There  are,  perh 


^  *£sperienze  intomo  alia  Generazione  degl'  Insetti/  p.  129.  'M 
was  therefore  a  partial  believer  in  the  doctrine  which  we  now  xsj 
Heterogenesis.  According  to  this  doctrine,  as  taught  by  Bordactm 
others,  strange  living  things  might  be  generated  from  the  matt:^^ 
pre-existing  living  beings,  both  during  their  life  and  after  their  d^ 
In  the  opinion  of  Redi,  however,  such  a  process  could  only  take  I> 
whilst  the  parent  organism  was  living  (Loc.  cit.  p.  14).  It  will  ^^ 
wards  be  more  fully  seen  that  this  is  quite  an  unimportant  limitft^ 
because  it  is  one  of  a  purely  arbitrary  nature,  based  upon  the  impo 
knowledge  of  the  time.  We  now  know  that  the  constituent  clem^' 
parts  of  one  of  the  higher  organisms  may  continue  to  live  long 
organism  as  a  whole  is  dead. 

*  These  will  be  referred  to  more  fully  in  a  subsequent  chapter. 
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as  many  living  things,  both  animal  and  vegetable,  which 
are  produced  by  the  fortuitous  aggregation  of  ^^rnolc- 
coles  organiques,''  as  there  are  others  which  reproduce 
Okcmselves  by  a  constant  succession  of  generations.' 
But  it  was  the  experiments  of  Needham,  more  espe- 
daliy,  that  aroused  one  who  was  for  a  long  time  the 
most  celebrated  opponent  of  these  doctrines.    The  re- 
nowned Abbe  Spallanzani  soon  took  up  the  question, 
and  entered  into  a  controversy  with  Needham  on  the 
subject    He  maintained  that  the  air  of  our  atmosphere 
bears-  with  it  everywhere  the  germs  of  infusorial  ani- 
malcules and  of  other  organic  forms,  and  that  Needham 
had  not  taken  sufficient  account  of  this  fact  in  his 
nperiments.     In  this  view  he  was  supported  by  the 
fantastic  assumptions  of  Bonnet,  and  their  doctrine — 
since  known  by  the  name  of  *  Panspermhm ' —  has  re- 
ceived the  most  powerful  support  from  Pasteur  and 
others  in  our  own  times.     The  questions  in  dispute 
could  not  be  settled  by  these  two  champions,  and  suc- 
cessive advocates  were   continually  springing  up   in 
fevour  of  one  or  other  of  the  adverse  doctrines  till 
*^  commencement  of  our  own  century.     Two  of  the 
''^  femous  of  them,  Gleichen  and  Otho  F.  MuUer, 
^^re  dissentients  from  the  doctrines  of  Bonnet  and 
Spallanzani.     A  little  later  TreViranus  made  known  an 

• 

'niportant  fact  in  favour  of  the  doctrine  of  heterogeny, 
^^  the  effect  that  the  species  of  animalcules  found  in 
^*^c  infusions  varied  with,  and  seemed  to  depend  upon, 
'^^^ute  differences  in  the  nature  of  the  infiisions  them- 

s  2 
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selves.  In  1809  appeared  the  'Philosophic  2lkx>Iogique' 
of  Lamarck,  in  which  he  expressed  himself  strongly  in 
favour  of  the  spontaneous  origination  of  Life — declaring  \ 
that  matter  was  continually  changing,  not  only  in  regard  u 
to  its  states  of  combination,  but  also  changing  in  its^ 
nature — that  it  was  now  passing  from  the  living  state-= 
into  a  lifeless  one,  and  now  again  assuming  the  fbrmss 
and  properties  of  living  matter  under  the  combined  andH 

mystic  influence  of  heat,  light,  electricity,  and  moisture 

*  These  transitions,'  he  said,  *from  life  to  death  andH 
from  death  to  life,  evidently  form  part  of  an  immense- 
circle  of  all  kinds  of  changes  to  which,  in  the  course 
of  time,  all  physical  substances  are  submitted.'     Bu^ 
such  a  mode  of  origin  was  only  possible,  as  he  thought, 
for  the  lowest  kinds  of  living  things.    This  is  expressed 
in   the   following    passage,   which    he   also   prints  in 
italics : — ^  Lm  nature  k  Paide  de  la  chaleur^  de  U  Iwmhe^ 
de  Pilectrtcttiy  et  de  Pkumidite\  forme  des  ghUrati&MS  sprnt- 
tanees  ou  directes  a  Pextremiti  de  chaque  rigne  des  corps 
vtvantSy  ou  se  trouvent  les  plus  simples  de  ces  corps*     Soon 
afterwards,  two  philosophers,  Cabanis  and  Oken,  also 
declared  their  belief  in  the  possibility  of  a  new  evolu- 
tion of  life  out  of  dead  inanimate  matter.     According 
to  Oken,  ^  the  animal  body  is  only  an  edifice  of  mo- 
nads,' and  *  putrefaction  is  nothing  more  than  the  dis- 
aggregation of  the  monads,  and  a  return  to  the  primi- 
tive  condition   of  the   animal   kingdom.'     Then   fol- 
lowed other  distinguished  naturalists,  amongst  whom  we 
may  mention  Bory  St.  Vincent,  Bremser,  Tiedemann, 
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J.  Muller,  Dujardin,  and  Burdach,  who  were  all  more  or 
less  in  favour  of  the  doctrines  of  heterogeny.    These 
views  received  their  fullest  and  most  complete  expo- 
^tion,  however,  from  the  last  whom  we  have  men- 
tioned.   In  his  well-known  work,  Burdach  gave  a  some* 
what  detailed  account  of  his  views  on  that  primordial 
mode  of  generation  to  which  he  first  attached  the  name 
^generatio  heterogenia.'      But  like  those  of  his  pre- 
decessors and  fellow-countrymen,   Bremser  and  Tie- 
demann,  liis  views  were  of  a  retrograde  description, 
when  compared  with  those  of  Lamarck.     He  no  longer 
linitcd  the  possibility  of  such  a  mode  of  origin  to  the 
^cst  members  of  the  animal  and  the  vegetable  king- 
^nis,  but  also  contended  that  certain  worms,  insects, 
^^'^istacea,  and  even  fish  might  in  this  way  appear  upon 
^e  scene  without  ordinary  parentage. 

After  him,  however,  came  Pineau  in  1845,  who  de- 
^^ared  that  he  had  actually  watched,  step  by  step,  the 
^^terogenetic  origin  and  development  of  two  ciliated 
^'^iiisoria — Momms  lens  and  a  Vorticella — and  also  of  a 
^Microscopic  fungus — Fenicillium  glaucum.  This  was  the 
^^3t  announcement  of  a  kind  of  evidence  altogether 
^cw— based  upon  actual  observation  rather  than  upon 
^'xpcrimental  inference. 

Advocates  of  the  opposite  or  panspermic  doctrine, 
Vjowever,  were  abundant  enough  also  during  the  first 
Vialf  of  the  present  century :  amongst  the  most  distin- 
guished of  these  must  figure  the  names  of  P.  Gervais, 
Schwann,  Schultze,  and  Ehrenberg.    The  latter,  in  his 
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remarkable  *  Memoire  sur  le  developpement  et  la  durec 
de  la  vie  des  infusoires/  endeavoured  to  establish  the 
fact  that  the  generation  of  infusoria  takes  place  normally 
by  means  of  eggs,  and  that  their  multiplication  by  this 
process,  in  combination  with  that  by  fission,  was  suffi — 
cient  to  account  for  their  numbers  in  organic  inflisions^^ 
Schultze  and  Schwann,  however,  sought  to  underminer- 
the  position  of  the  heterogenists  by  adducing  experi- 
mental proofe  in  support  of  the  panspermic  doctrine* 
Schultze  alleged  that  no  organisms  of  any  kind  were 
produced   in  a  fermentable   solution  which  had  been 
raised  to  a  temperature  of  21  a**  F.,  provided  the  air 
which  was  allowed  access  to  this  fluid  had  been  pre- 
viously made  to  traverse  concentrated  sulphuric  acid, 
so  as  to  free  it  from  all  possible  germs  ^  and  Sdiwann 
stated  that  the  experiments  were,  with  certain  reser- 
vations *,  marked  by  the  same  sterility  when  calcined 
or  highly  heated  air  only  was  allowed  access  to  the 
vessel    containing    the    previously   boiled    solution  of 
organic  matter.      These  assertions,  which  have  been 
subsequently  disproved,  had  an  immense  influence  at 
the  time  against  the  doctrine  of  heterogeny. 

Though  in  the  intervening  years  the  subject  was  still 
worked  at  from  time  to  time,  yet  almost  a  new  epoch 
in  the  controversy  may  be  said  to  have  commenced 

'His  results  were  conflicting  and  contradictory  whilst  dealing  with 
materials  which  underwent  the  alcoholic  fermentation.  Sometimes 
organisms  were  to  be  met  with  in  such  solutions  in  spite  of  all  his 
precautions. 
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about  twelve  years  ago.    Since  this  time,  and  in  France 

"'^''^  especially,  the  truth  or  falsity  of  the  doctrine  of 

spontaneous  generation '  has  formed  the  subject  of  a 

''^t  vigorous  discussion.     Its  renewal  was  initiated  in 

1858  by  the  communication  of  a  paper  by  M.  Pouchet 

to  ttie  Academic  des  Sciences  of  Paris,  entitled  *  Note 

sur     des  Proto-organismes  veg^taux  et   animaux   nes 

spontan^ment  dans  Tair  artificiel  et  dans  le  gaz  oxy- 

giae.*     The  views  and  experiments  of  M.  Pouchet 

were  warmly  repudiated  by  men  so  distinguished  as 

MNl  Milne-Edwards,  dc  Quatrefages,  Claude  Bernard, 

^^'^nias,  Payen,  and  Lacaze  Duthiers.     Nevertheless, 

^''ofcssor  Mantegazza  very  shortly  afterwards  also  com- 

'J^unicated  to  the  Academy  of  Sciences  the  results  of 

^^  researches  upon  the  generation  of  infusoria,  which 

^  had  previously  laid  before  an  Italian  academy  in 

^^5^*    The  conclusions  at  which  he  had  arrived  agreed 

^'^Ost  perfectly  with  those  of  M.  Pouchet;   and  in 

^   following  year  the  latter  published  his  treatise  on 

.  "^^terogenie  »,*  in  which  much  new  matter  was  added 

^^    Support  of  his  doctrines.     But  it  would  be  in  vain 

^  Vis  now  to  attempt  to  follow  out  all  the  intricacies 


the  discussions  which  have  taken  place  since  this 
^^s*.    Many  of  the  most  interesting  points  will  be 

To  this  treatise  we  mast  refer  those  also  who  desire  a  more  com- 

historical  sketch  than  we  have  deemed  it  necessary  to  give. 

This  has  been  attempted  by  M.  Pennetier,  in  a  work  entitled  *  L'Ori- 

de  la  Vie,'  which,  in  addition  to  a  sketch  of  the  later  stages  of  the 

'^troversy  up  to  the  year  1869,  contains  a  very  complete  list  of  works 

papers  on  the  whole  subject,  arranged  in  chronological  order. 
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alluded  to  in  our  succeeding  chapters — though  other^=^ 
will   scarcely  be   referred  to,  as  we  wish   to   narrow 
the  question  in  dispute   down  to  its  simplest  issues 
We  will,  now,  only  state  that  early  in  the  fbllowinj 
year  an  accomplished  chemist,  M.  Pasteur,  entered  th^ 
field,  and  henceforth  became  the  most  prominent  ol 
jector  to  the  doctrines  of  heterogeny.    Although 
others  have  taken  part  in  the  contest,  still  it  was^ 
a  long  time,  in  the  main  carried  on  between  M.  Pastei 


on  the  one  hand  (backed  by  the  immense  moral  suppo^=: 
of  the  French  Academy)  and  by  MM.  Pouchet,  Jo 
and  Musset,  on  the  other.    Most  valuable  experimen 

evidence  was,  however,  adduced  in  186  a  in  suppt        >| 

of  the  possibility  of  the  origin  of  living  things  fn  -^n 

not-living    matter,  by  Professor  JeflFries  Wyman  oi 

Cambridge,  U.S.,  and  in  1868  by  Professor  Cantc=zz^ni 
of  Pavia. 


{ 


CHAPTER    VII. 


HODE  OF  ORIGIN  OF  PRIMORDIAL  LIVING  THINGS: 
NATURE  OF  PROBLEM. 


which  occur  in  an  Organic  Infusion.      Evolution  of  Gas. 
^^lastide-particles  and  BcuUria.     Formation  of  *  Pellicle.'     Mode 
^^f  formation  of  Bacteria.     Views  as  to  their  nature.     Different 
Icdnds  of  Bacteria  and  allied  organisms — VibrioneSt  Leptotbrix,  and 
'^piriUum.    Composition  of  *  proligerous  pellicle.'    Views  of  Cohn 
Pouchet   Sometimes  no  *  pellicle'  forms,  only  turbidity,  flocculi, 
deposit    Mode  of  origin  of  Torula.    Views  of  Hallier.    Micro- 
^occi,  czyptococci,  and  arthrococd.    Their  mutual  relations  to  one 
another  and  to  Fungi.    Nature  and  mode  of  origin  of  Sarcina. 
^Development  of  Fungus  '  spores.'    Doubt  as  to  mode  of  origin  of 
these  forms.    Useless  to  look  in  Air  for  germs  of  Bacteria,     Mode 
of  appearance  of  these  in  thin  films  of  fluid.  Only  two  explanations 
possible.   Origin  either  germless  or  from  invisible  germs.  Existence 
of  latter  must  not  be  recklessly  postulated.  Similar  problem  in  case 
of  origin  of  Crystals.    Statical  and  dynamical  aggregates.    Solution 
ofproblem  concerning  Crystals.   Mr.  Raine3r's  observations.   Micro- 
scopical evidence  similar  in  both  cases.    This  can  neither  confirm 
nor  invalidate  the  supposition  as  to  invisible  germs,  crystalline  or 
living.    The  existence  of  both  equally  hypothetical. 


W 


HEN  a  fluid  containing  an  organic  substance  in 

solution  is  allowed  to  remain  in  contact  with 

during  moderately  warm^  weather,  it  soon  undergoes 

*  Fermentation  usually  ceases  in  an  organic  solution  when  the  tem- 
j^^'^tiire  falls  to  about  45°  F. ;  and  it  b  interesting  to  find  that  the  poetic 
^^'^'Sbation  of  Ovid  had,  by  a  kind  of  happy  guess,  led  him  to  attach 
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changes  of  a  putrefactive  or  fermentative   character. 
A  slight  evolution  or  liberation  of  gas  generally  takes 
place  as  the  first  obvious  stage  of  the  process^,  and 
after  a  variable  time  (hours  or  days,  according  to  the 
temperature,  the  nature   of  the    solution,  and  other 
modifying  conditions)  during  which  the  infusion  has 
gradually  become  more  and  more  turbid,  a  slight  whitish, 
though   semi-translucent,  scum  or  pellicle,  that  soon 
thickens  into  a  membrane,  makes  its  appearance   on 
the  surface  of  the  fluid.    This  constitutes  the  ^  primor- 
dial  mucous   layer'  of   Burdach,  or  the  ^pioKgeroiX^ 

the  same  importance  to  the  influence  of  fiolar  heat  in  the  erolntion 
Life  which  modem  science  now  allots  to  it.    We  have  already  qai 
one  passage  to  this  efiOect,  but  here  is  another : — 

*  Ergo  ubi  diluvio  tellus  lutulenta  recenti 
Solibus  aetheriis,  altoque  recanduit  csto, 
Edidit  innumeras  species.' 

*  This  may  be  well  seen  by  adding  to  the  fermentable  infoaon  suffi-  ^^ 
cient  isinglass  to  *  set'  the  fluid  slightly.  The  bubbles  of  gas  liberated,  ^' 
are  for  a  long  time  retained  in  the  slightly  gelatinous  liquid,  and  may  be  ^ 
seen  throughout  its  substance.  Very  contradictory  opinions  prevail  as  ^ 
to  the  order  of  appearance  and  cause  of  this  gaseous  evolution.  M.  Fas*  ^' 
teur  believes  that  the  evolution  of  gas  takes  place  <tfter  the  zpptaLnDOt^' 
and  on  account  of  the  changes  induced  by  the  presence  of  organisms.^  ^ 
In  his  opinion  all  fermentations  are  brought  about  by  the  presence 
development  of  organisms  (derived  from  the  atmosphere)  in  the 
menting  fluids.  His  opponents,  however,  maintain  that  the  oi 
are  results  of  chemical  changes  brought  about  by  physical  conditiootf^' 
in  the  molecularly  mobile  and  unstable  matter  of  an  organic  ii 
and  that  the  gaseous  evolution  is  dependent  upon  some  of  these 
cedent,  or  formative,  chemical  changes.  The  gases  most  common^^^ 
liberated  in  fermentations  and  putrefactions  are  hydrogen,  cubonic 
sulphuretted  hydrogen,  or  ammonia. 
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:1c*  of  Pouchet.  On  microscopical  examination  of 
luid  by  the  highest  powers,  as  soon  as  it  begins  to 
^clouded,  it  will  be  found  swarming  with  multitudes 
acre  moving  specks  or  spherical  particles,  inter- 
Jd  with  short  stafF-like  bodies,  known  as  Bacteria^ 
i  also  exhibit  more  or  less  active  movements.  The 
lcs,that  have  hitherto  been  called  ^ Monads^'  or 
tozymesV  I  shall  henceforth  term  plastide-particles. 
^  are  primordial  particles  of  living  matter,  and 
be  seen,  with  our  present  optical  powers,  to  vary 

^n  TTnnyTnr"  and  .^ishn^"  i»  diameter. 
I  examination  of  the  *  pellicle,'  moreover,  shows 
it  is  composed  of  a  dense  superficial  aggregation 
ich  bodies  as  may  previously  have  been  found 
sed  through  the  liquid.  In  addition  to  plastide- 
des  and  Bacteria^  however,  other  low  organisms,  of 

adi  confbsion  results  from  the  classifications  of  the  older  natu- 
,  who  (following  O.  F.  Mtiller)  arranged  under  the  same  genus 
t)  the  mere  moving  specks  above  referred  to,  and  also  certain  of 
Kt  elementary  and  smaller  of  the  Ciliated  Infusoria — of  which  the 
ed  Monoi  Uru  is  about  the  most  abundant  representative.  It  will 
«  better,  in  order  not  to  dash  with  modem  usage,  to  follow  the 
»le  already  set  by  others,  and  to  restrict  the  word  *  Monad '  to  the 
d  organisms  which  have  lately  been  so  well  described  by  Cien- 
i  and  others. 

hey  were  called  Mierozynut  by  B^champ,  but  I  do  not  adopt  this 
lation,  because  it  is  too  si>ecial.  All  minute  living  particles,  whose 
i  cannot  be  distinguished  by  the  microscope,  may  well  be  desig- 
by  one  generally  applicable  name.  Minute  off-castings  from 
blood  corpuscles  are  quite  indistinguishable  microscopically  from 
ing  specks  which  appear  in  fermenting  solutions,  and  yet  it  would 
\  reasonable  to  call  the  former  *  small  ferments '  (microzymae). 


268  THE  BEGIXNINGS  OF  LIFE. 


■ 


which  we  shall  subsequently  speak,  are  very  often  ixak 
in  both  situations. 

With  r^ard  to  the  mode  of  origin  and  nature  of| 
Bacteria^  much  difference  of  opinion  still  exists.    Tbcj 
have  been  supposed  by  some  persons  to  result  from  the' 
coalescence  and  fusion  of  plastide-particles;   whibt 
the  longer  and  more  developed  bodies,  called  Vlhkm^ 
have  been  thought  to  result  from  a  similar  union  of 
BactertA. 

This  is  the  view  of  M.  Dumas  and  of  Dr.  Hughes 
Bennett,  though  it  is  doubted  by  Pouchet  and  most  ' 
other  observers.  It  seems  much  more  probable  that 
both  Bscteria  and  ViMones  are  only  later  stages  in  the 
growth  and  development  of  certain  primary  plastid^ 
particles.  Dr.  Bennett  ^  states  that  he  has  actually 
seen  the  union  above  referred  to  taking  place;  but, 
judging  from  my  own  experience,  I  should  say  that  it 
is  an  occurrence  of  the  most  extreme  rarity.  During 
a  very  long  series  of  observations  I  have  never  per- 
ceived such  a  coalescence. 

The  most  discordant  opinions  have  always  existed 
as  to  the  nature  of  these  Bacteria.  Naturalists  have 
been  in  doubt  as  to  whether  they  should  be  regarded 
as  independent  living  things  of  the  lowest  giad^j 
having  an  individuality  of  their  own  ;  or  whether, 
rather,  tlwy  should  be  looked  upon  as  developmental 
forms  of  some  higher  organisms  —  either  animal  of 
^^^ctal.    There  seem  to  be  four  principal  views  coo- 

»  *  Pop.  Scksce  Rer^*  Jul  1869. 
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;.thcin:— (i)  that  they  are  animal  organisms  of 
'est  grade,  having  an  individuality  of  their  own, 
jectured  by  Ehrenberg;  (2)  that  they  are,  as 
ed  by  Hallier,  of  the  nature  of  spores,  produced 
and  destined  again  to  develop  into,  some  of  the 
rst  microscopic  fimgi^;   (3)  that 'they  represent, 

is  Tiew  has  been  adyocated  by  Dr.  Polotebnow  of  St.  Petersburg, 
emoir  presented  to  the  Vienna  Academy  on  June  3,  1869.  He 
that  BaeUriMm,  Vibrio^  and  Spirillum  are  all  developmental  stages 
allium  glaucum.  Prof.  Huxley  has  lately  (*  Quart.  Journal  of 
c.  Science,'  Oct.  1870,  p.  360)  expressed  opinions  having  a  similar 
[.  It  wHl  be  seen,  however,  from  the  words  which  are  placed  in 
that  Prof.  Huxley's  views  on  this  subject  are,  in  part,  mere  sur- 
nther  than  positive  impressions  based  on  a  complete  research. 
t: — *  With  Torula,  then,  we  find  Bacteria  in  great  numbers  in  this 
sit  state.    Usually  masses  are  to  be  seen  adhering  very  closely  or 

to  one  Torula  cell  or  another,  and  such  masses  are  very  difficult 
uate  from  the  cell  to  which  they  are  fixed.  //  seems  probable  that 
cteria  proceed  in  this  way  from  the  Torula  cells,  as  the  Torula 
b  from  Conidia.  //  is  probable  that  Bacterium  is  a  similar  thing 
via— a  simplest  stage  in  the  development  of  a  fungus.  By  sowing 
a  you  also  get  Bacteria  in  abundance.  You  get  the  Bacteria 
1^  like  this  (fig.  6,  d)  to  the  Conidia,  and  they  are,  /  believe, 
ped  from  the  protoplasm  of  the  Conidia  just  as  Torulx  are ;  and 
ty  compare  these  two  forms  to  the  Microgonidia  and  Macro- 
I  of  Algae.  They  are  all  terms  in  the  development  of  Penicillium.* 
reference  to  this  theory,  my  own  observations  make  me  certain 
\aeUria  may  appear  in  solutions  ^thin  films)  where  no  Torula 

And  more  rarely,  Torula  cells  may  be  seen  in  myriads  in 
01,  not  only  without  attached  Bacteria^  but  even  without  any 
aaUe  Bacteria  in  the  free  state.  I  am  quite  familiar  with  this 
iDce,  as  of  budding  Bacteria^  in   connection   with  Torula  and 

mycelial  filaments.  I  look  upon  it,  however,  as  the  exception 
than  the  rule ;  and  even  where  it  exists,  it  seems  by  no  means 
liat  the  appearance  is  not  due  to  the  mere  adhesion  of  some  of  the 
iisly  free  Bacteria^  which,  in  such  cases,  are  always  to  be  found 
iting  with  the  Torula  or  Fungui-iihmenU, 
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as  Cohn  *  thinks,  the  later  free-swimining  stage  in  the 
existence  of  certain  algae,  intermediate  between  Fd- 
wttllM  and  OsdlUtmrije  i  or  lastly  (4)  that  they  are 
the  first  and  most  conmion  developmental  phase  of 
newly,  evohrcd  specks  of  living  matter,  which  are  capa- 
ble, either  singly  or  in  combination,  of  developing  into 
many  different  kinds  of  living  things. 

Ehrenbeig's  is  an  almost  obsolete  point  of  view. 
BiKtens  are  no  more  animal  than  vegetal  organisms— 
they  are  protists.  And  few  even  of  the  firmest  believers 
in  the  constancy  of  specific  forms  would  now  be  in- 
clined to  maintain  this  doctrine  with  respect  to  Bacteris. 
The  opinions  of  Hallier  and  Cohn  will  be  again  referred 
to  in  other  portions  of  this  chapter. 

I  have  been  compelled  to  take  the  fourth  view,^ 
and  to  look  upon  plastide-partides  as  the  mere  tem^ — . 
porary  and  initial  developmental  form  of  many  or — z 
ganisms  which  may  afterwards  present  distinct 
lacteristics  of  their  own%  though  certain  of  th< 
particles  may,  through  default  of  the  necessary  coi 
ditions,  never  actually  develop  into  hi^er  modes  ► 
being.  But  a  very  large  number  of  them  undoubte 
give  rise  to  the  bodies  known  as  BdutmMy  by  a  din 
process  of  growth  and  development.  These  Bacte 
vary  very  considerably  in  size,  and  also  in  ^^  t 
quality  of  their   movements.      Their   size  seems  t 


1  I 


Entwickelungs-geschichte  dcr  Mikroscop.'    Algen  und  Pike,  i  ^^£4. 
*  Many  of  what  may  seem  to  be  mere  plastide-pftitides,  are       cto/j 
Bacteria  seen  endwise. 
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di£Fer  according  to  the  degree  of  putrescibility  of  the 

solution,  the  amount  of  heat  to  which  it  has  been 

exposed,  and  other  modifying  circumstances.     Those 

irtiich  have  been  produced  at  the  same  time  are  often 

pretty  uniform  in  size,  so  that  the  diflFerent  dimensions 

are  frequently  more  marked  in  diflFerent  solutions  than 

between  Bacteria  existing  in  the  same  solution.     They 

are,  in  their  most  common  form,  straight,  rod-like 

bodies,  varying  in  length  from  y^^ths'  to  ^xAny"  of  an 

indi;  and  they  generally  present  a  joint  or  line  in  the 

niidjllc,  dividing  them  into  two  equal  parts.      Their 

njovcments  are  frequently  of  a  more  or  less  rapid, 

dilating,  or  irregularly-rotating  character ;  though  at 

^cr  times  they  may  be  seen  darting  from  place  to 

place,  either   directly    or    in    curves    of  various  de- 

*^iptions.     All    gradations    e^^ist,  in    fact,  between 

'dements  which  suffice  at  once  to  stamp  them  as 

«ving  things,  and  mere  slow  oscillations,  the  presence 

^  which  alone  may  make  us  doubtful  as  to  whether 

^e  have  to  do  with  living  or  with  dead  organisms. 

It  should  be  distinctly  understood,  however,  that 
^**ch  Bacteria  as  are  above  described,  with  all  their 
^*^flferences  in  size,  only  constitute  one  variety  of  the 
^*^any  lower  forms  of  life  met  with  in  organic  solu- 
tions. The  most  varied  and  diverse  forms  of  these 
Simple  organisms  exist,  and  the  Bacterium  already 
alluded  to  is  only  to  be  considered  as  the  most  con- 
^^t  and  abundantly  represented  type.  Instead  of  the 
^*gid,  simple,  or  bi-segmented,  staflF-like  bodies,  we  may 
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see — ^intermixed  with  these — other  bi-segmented  bodki 
less  cylindrical  in  shape,  and  whicfa^  instead  of  beiiy 
perfectly  rigid,  have  a  flexible  joint,  so  that  the  tvo 
segments  are  freely  movable.  These  bodies  (about  ai 
large  as  medium-sized,  ordinary  Bacterid)  generally  a* 
hibit  the  most  active  movements — darting  about  from 
place  to  place  with  rapid  eel-like  bendings  of  their  body. 
Other  forms  are  not  unfrequently  met  with  in  which 
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Some  of  the  most  common  Primordial  Forms  of  Life :  BaeUria, 

Torul(t,  &c.     X  800. 

the  tendency  to  assume  a  bicellular  shape  is  more 
obvious — though  their  bodies  are  similarly  rigid,  and 
their  movements  are  not  more  active  than  those  ordi- 
narily displayed  by  Bacteria.  Whilst  the  common 
Bacterium  looks  like  a  solid  simple  or  bi-segmented  rod, 
these  latter  forms  seem  rather  to  be  made  up  of  two 
juxtaposed,  minute,  cell-like  elements,  and  in  tbcir 
early  stages  present  the  appearance  of  mere  6gure-of-o 
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utides.    We  also  frequently  see  straight  necklace-like 

ows  composed  of  from  two  to  fifteen  bead-shaped 

bodies  about  the  size  of  ordinary  plastidc-particles, 

ttougli  having  a  more  hollow  appearance.    These  aggre- 

|ttes  arc  either  motionless,  or  they  exhibit  a  slow 

^ajiatilc    movement^.     Not    unfrequently    organisms 

ire  met  with  which  present  an  appearance  somewhat 

limilar  to   that   of  the   smaller  vegetative    cells    of 

the  yeast-fungus — commonly  known  by  the  name  of 

ftn/rfj  they  are,  however,  more  minute  than  these,  and 

seem  rather  solid  than  cellular — presenting  no  evidences 

of  a  nucleus.    One  spherule  is  frequently  seen  with  a 

niudi  smaller  bud-like  particle  attached,  and  they  may 

Qhibit  pretty  active  oscillations,  though  never  move- 

Dwnts  of  a  more  extensive  nature.    In  addition,  there 

^to  be  seen  in  fermenting  fluids  more  than  ordinarily 

'^fractive  particles,  between  which  and  minute  though 

*^ous  Fmr^x-spores  or  TaruU  cells  all    intermediate 

fenns  can  be  detected. 

These  are  the  simplest  organisms  most  frequently  met 

Such  cfaaplet-like  combiiiations  are  considered  by  Pasteur  to  be  very 

'^^^^  TVrv/ociftf,  but  I  think  they  are  more  closely  allied  to  Bacteria 

^^  to  TomUi.    They  are  almost  inyariably  to  be  met  with  in  urine  in 

/^^n>iBy  with  other  organisms  when  this  is  undergoing  change.    Indeed 

^^  even  says : — *  Je  suis  tr^  port^  k  croire  que  cette  production  con- 

^^  m  ferment  organist,  et  qn*il  n'y  a  jamais  transformation  de  Turte 

^  ^bonate  d'ammoniaqne  sans  la  presence  et  le  developpement  de  cc 

^^  v^^tal.'    It  develops  in  the  body  of  the  liquid  and  not  specially  at 

^  snx^ce,  where  we  frequently  meet  with  a  pellicle  made  up  of  bodies 

.    ^  kind  next  to  be  mentioned.     Both  these  forms,  however,  may  be 

^^^  in  fluids  which  are  altogether  different  in  nature. 

^OL.  I.  T 
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with,  though  very  many  other  modifications  of  forai 
may  be  encountered,  and  will  sooa  become  familiar 
to  those  who  work  much  at  this  subject. 

With   respect   to  the   larger  organisms   known  as 


Fin.  i8. 
Other  Earif  Forms  of  Life  from  Oifuiic  loTiisioiii. 

i.  DifTerenl  kinds  of  simple  LtpAMlrur. 

d.  Mycelial  (tlameats  of  on  incipient  Ftmfut  (Hillier). 
:  Branched  Ltpiolbrix  or  mycelial  filaments  (PmIcut). 

FiMomes^y  these  are  two  or  many-jointed  bodies,  co-^ 
posed  of  long  rod-like  segments  bent  at  various  angL 
which  exhibit  certain  slow  movements — either  a  m^ 


'  These  fiinoiKj  of  organic  solutions  are  tolallj  different  organi-^ 
from  the  minute  NtmatcHd  worms  to  nhich  the  name  has  also  been  "^^ 
improperly  applied— the  so-called  Vilaio  Iritid,  for  instaoce. 
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of  the  body,  or  else  an  actual  progression  of 

an  undulating  anguilluloid  character.     In  size  they  may 

^ary  fix)m  that  of  the  largest  Bacterium  up  to  a  body 

in  in  length  by  j^^j^'  in  breadth,  though  there  is  no 

definite  limit   to  their  dimensions.     Notwithstanding 

the  observations  of  Dumas  and  Bennett,  it  cannot  be 

ooDsidered  that   these  are  ordinarily  produced  by  the 

agp^ation  oSBactertM.    It  seems  much  more  consistent 

with  what  may  be  observed,  to  believe  that  they  arise 

•7  the  gradual  development  of  simple  Bacteria^  which — 

fiom  some  cause   unknown  to  us— do   not  undergo 

soch  frequent  processes  of  fission,  and  possess  a  great 

inherent   power   of   growth.      M.  Davaine    lias   also 

described    certain    straight    or   slightly    bent,    though 

nurtionless,  bodies,  closely  resembling  Vihrlones  as  far  as 

*i2c  and  general  appearance  are  concerned,  to  which 

he  has  given   the   name  Bacteridia^,    These  are   the 

organisms  met  with  in  the  blood  of  animals  suffering 

He  looks  upon  Bacteria  and    Vibrio  as  genera  which  arc  closely 

^^'^  to  the  OteiUeUoria^  and  thinks  that  these  Bacteridia  form  a  still 

«oser  connecting  link.     Many  of  them  are,  in  fact,  even  longer  than 

•^w^Oitt,  and  therefore  in  point  of  size  they  do  approach  more  clo-icly 

^  the  OteiUatoria.     M.  Davaine  says  he  has  also  met  with  many  kinds  of 

^^lionn  in  the  intestines  of  mammals  and  birds,  as  well  as  in  salt-water 

^'^"'^ioos,  which  have  been  invariably  motionless  thrvmghout  their  whole 

P*'*^  of  existence.     He  maintains  that  when  those  species  which  liave 

I^'^^'ioiisly  exhibited  movements  cease  to  manifest  them,  we  must  by  no 

**»  look  upon  them  as  necessarily  dead:  such  organisms  may  pre- 

'•"e  an  unchanged  appearance  for  many  days  or  weeks,  whilst,  when 

"^'y  really  die,  they  undergo  disiutcgialivin  i.i  from  twelve  lo  iweiiiy- 

^  bours.      ^Sce  »Compt.  Rend.'  1864,   ai.d  •  Gaz.  MOd.  de  Taris,' 
1864.) 

T  2 
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from  a  certain  pestilential  disease' ;  and  although  ^c: 
may,  as  M.  Davaine  imagines,  exhibit  close  affinS. 


'.aioria   and   other  simple   Fresh-witer  Alg«  (Hms*!!*).    TTieff 
forms  are  known  by  the  following  Dames ; — 

a.  Lynghja  prolifica.  t.  MieTOealnu  graeUU. 

b.  „  vtrmieularu.  /.  OidUalaria  ovAumatii. 
e,  Rapbidia  viridis.  g.  „  tpltnJida. 
d.  Tolypolbrix  nfiittiu,                   b.  Sfirillum  y*mtri. 


to  the  low  algx  known  as  Oseillattriitj  they,  on  th' 

'  Tfae  '  Miltzbiand,' '  sang  de  rate,'  or  '  the  blood,'  as  it  U  ailed 
diCferent  countriM;   and  from  the  contagion  of  which   the  llaiiga^ 
PuittJi  of  man  is  produced. 

*  Selected  from  Hassall's  'British  Fresh-Water  Alga,'  in  order 
show  the  simple  structure  of  the  filaments. 
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Other  hand,  are  just  as  closely  related  to  Leftotkrtx^ 
and  through  these  to  the  lower  kinds  of  Fun^  known 
as  ^moulds.'  L/eptotkrix  filaments  are  also,  for  the 
most  part,  quite  motionless,  and  are  often  not  much 
thicker  than  Vitriames,  They  may  be  either  straight  or 
undulating  in  outline^  and  perfectly  plain  or  marked 
by  minute  segmentations  after  the  fashion  of  the 
larger  fungus  filaments  into  which  they  sometimes 
develop.  In  addition  to  the  larger  organisms  already 
mentioned,  there  are  other  rarer  forms,  belonging  to 
the  gienus  Spsrillumy  characterized  by  the  most  active 
movements,  and  in  which  the  body  is  thread-like 
though  twisted  into  the  form  of  a  helix  or  spiral. 

It  will  be  easily  understood  that  the  nature  of  the 
pellicle  must  vary  very  much   in  diflFerent  solutions, 
according  to  the  varying  proportions  in  which  these 
several  kinds  of  organic  units  and  organisms  enter  into 
its  composition.    All  are  agreed,  however,  that  plastide 
specks  and  the  more  minute  and  simpler  organisms 
2^  the  first  things  to  make  their  appearance  in  pre- 
viously homogeneous  solutions  y  and  that,  later,  whilst 
^csc  increase  in  number,  there  may  gradually  appear 
^^musy  Leftatbrix  filaments,  Fungus-sporcSy  or  some  of 
^  other  lower  forms  of  life.    A  very  large  propor- 
tion of  the  organisms  met  with  in  organic  infusions 
^  Btfrfmif,   and   their   life   and    active   movements 
^tinue  for  a  longer  or  a  shorter  period,  the  duration 
^hich  is  altogether  uncertain.    After  a  time,  at 
^cnts,  they  gradually  tend  to  accumulate  at  the 
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surface  of  the  solution^  and,  becoming  motior 
to  form  a  very  densely  a^regated  but  pretty  uni 
layer  of  a  more  or  less  granular  appearance,  coi 
tuting  the  so-called  ^proligerous  pellicle.'  But  < 
the  simplest  pellicle  is  not  constituted  solely  by 
mere  aggregation  of  these  bodies.  As  pointed  oat 
Cohn*,  the  organic  particles  are  surrounded  by, 
imbedded  in,  a  thin  pellucid  and 'almost  invisible  je 
like  stratum,  which  is  best  revealed,  in  a  microscopi 
specimen,  after  the  addition  of  a  drop  of  a  dil 
aqueous  solution  of  iodine.  The  gelatinous  mat 
is  not  coloured  by  this  reagent,  and  is  thus  rendc 
apparent. 

The  pellicle  gradually  continues  to  increase  in  thi 
ness,  and  owing  to  the  additions  being  made  fr 
below,  its  under  surface  frequently  becomes  v 
irregular,  from  the  presence  of  numerous  bossela' 
projections.  As  fast  as  the  Bacteria  and  plasti< 
particles  accumulate,  they  appear  to  become  surroun< 
by  the  almost  invisible  gelatinous  material  above 
ferred  to.  In  this  condition  they  are  motionless,  2 
it  has  been  assumed,  without  sufficient  proof, 
Pouchct  and  most  of  the  other  heterogenists,  that  tl 
were  also  dead.  Bacteria  which  are  really  dead,h( 
ever,  do  not  become  enveloped  in  such  a  mater 
The  observations  of  Cohn,  which  I  have  firequei 
confirmed,  show  that  the  Bacteria  again  begin  to  movi 
soon  as  any  of  them  may  have  been  set  free  fix)m 

^  *  Entwick.  Geschichte  der  Mikros.    Algen  und  Pilze,  1854.' 


THE  BEGINNnVGS  OF  LIFE.  279 

aUnous  layer  in  which  they  had  been  imbedded  >. 
»cy  do  not,  however,  resume  their  active  movements 
translation.  They  merely  exhibit  more  or  less  rapid 
sdUatlons,  which,  although  quite  compatible  with  life, 
liffier  in  no  important  respect  from  the  Browmsan  move- 
nmts  which  would  be  displayed  by  similarly-light  not- 
Kving  particles. 

It  is  the  presence  of  the  gelatinous  material  which 
gives  consistence  to  the  pellicle,  and  makes  the  name 
^primordial  mucus,'  bestowed  upon  it  by  Burdach,  more 
suitable  than  it  would  otherwise  have  been. 

'  IVhflst  igreeing  with  Cohn  so  far  as  this  obsen-ation  is  concerned, 
I  bjrno  means  agree  with  him  in  his  general  estimate  of  the  life- 
'^'o^  of  the  Baettria,  On  account  of  their  existence  in  the  above- 
""Oitti  jelly,  more  especially,  he  came  to  the  conclusion  that  Bacteria 
^Qost  closely  allied  to  certain  algse,  composing  the  genera  PalnuUa 
''^  Turatpcra,  which  have  a  similar  gelatinous  stage  of  existence. 
*^  OQQstders  that  they  have  aflBnities  with  these  on  the  one  hand,  and 
^  the  OteUlatorvK  on  the  other.  The  gelatinous  condition  represents 
'^  ciHy  stage  in  the  life-history  of  Palmellce  and  Tttrasponx.  In  the 
^  stages  the  cells  previously  contained  in  the  jelly  loosen  them- 
^*'B^  and  become  independent,  free-swimming  organisms.  Cohn  thinks 
**'  n  similar  order  is  observed  in  the  life-history  of  Bacteria,  He 
^**^^^  that  these  appear  first  in  solutions  as  small  jcUy-masses,  which 
^^Hially  increase,  unite,  and  grow  into  a  uniform  pellicle,  out  of  which 
"  bacteria  ultimately  appear  as  free-swimming  organisms.  The  real 
^  is,  as  I  think,  precisely  the  reverse.  At  first  they  are  independent 
^^cs,  in  the  form  of  minute  moving  organisms  scattered  through  the 
'^  After  a  time  they  gradually  accumulate  in  the  midst  of  the  fluid, 
^tnon  commonly,  at  the  surface,  and,  becoming  motionless,  arc  found 
be  imbedded  in  a  pellucid  jelly,  ^^llat  is  the  mode  of  origin  of 
^  jelly — whether  it  also  merely  accumulates  at  the  surface,  or  whether 
^  formed  around  and  by  the  Bacteria  in  this  situation — nobody  seems 
know,  although  the  latter  seems  to  be  the  more  probable  supposition, 
certainly  is  a  most  important  constituent  of  the  pellicle. 
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The    pellicle  that  forms   at   first    is,  however,  not 
always  persistent :  after  twenty-four  or  thirty-six  houis 
it  may  sink  to  the  bottom,  whilst  another  gradually 
takes  its  place  which  may  prove  more  durable.    It  a 
not  very  plain  why  some  pellicles  break  up  and  sink    j 
in  this  way,  but  it  would  seem  very  probable  that  such 
an  occurrence  may  be  associated  with  an  imperfect 
secretion  or  formation  of  that  transparent  jelly  which, 
in  ordinary  cases,  so  much  helps  to  give  it  coheneiicy 
and  strength,  and  whose  presence  is  probably  as  ne- 
cessary in  order  that  subsequent  evolutional  changes 
may  ensue.    In  some  infusions  or  fermentable  sdutions, 
however,  no  distinct  pellicle  is  ever  formed.    Ftocaili 
may  appear  in  the  clouded  liquid,  which,  after  a  tim^ 
sink  to  the  bottom  of  the  vessel^    or,  without  th^ 
formation  of  flocculi,  a  deposit  gradually  accumulates, 
whilst   the  previously  clouded  supernatant  liquid 
comes  more  or  less  clear. 

Occasionally   it   happens   that  the   substance  of 
pellicle   may  be  almost  wholly  composed  of  mini 
Torula  cells — Bacteria  being  well-nigh  absent.    I  Ott 
saw  a  very  remarkable  instance  of  this  in  an  inlusio^^^ 
of  turnip.     In  certain  of  the  cases,  also,  in  which  n 
distinct  pellicle  forms,  the  fine  sediments  or  floccu 
which  gradually  collect  at  the  bottom  of  the  vessel- 
more  especially  when  the  infusion  has  an  acid  reaction ' 

are  found  to  consist  either^  wholly  or  largely  of  vegetatin^^ 
Tmila  cells. 

*  In  two  or  three  cases  I  have  failed,  after  a  long  search,  to  find  ^^^ 
single  BacUrium  amongst  the  myriads  of  Tontla  cells. 
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^ce  only  a  casual  allusion  has  hitherto  been  made 
to  the  mode  of  origin  of  ToruU^  it  will  be  necessary 
to  speak  more  distinctly  concerning  this  subject,  and 
aho  with  reference  to  the  mode  of  origin  of  other 
fanns  of  Fmr^x-spores  in  solutions  in  which  previously 
OD  such  incipient  organisms  could  be  recognized.  They 
appear,  as  a  general  rule,  to  arise  somewhat  more 
ibwly  than  Bacteria^  and  their  existence  is  often  sig- 
niiicant  of  a  lower  or  impaired  fermentative  energy  in 
^  solution  in  which  they  occur. 

As  to  the  origin  of  ordinary  Tantla  cells,  their  first 

appearance    may    be    watched    in    various    kinds    of 

*>lutions,  though  I  have  found  none  more  suitable  for 

''^  purpose  than  a  weak  solution  of  neutral  ammonic 

^^rtratc  in  distilled  water ».    During  the  past  summer 

I  ftund  that  Bacterid  and  Tantla  cells  soon  appeared  in 

^ch  a  solution  when  placed  in  a  flat-bottomed  watch- 

6*ass  and  merely  protected  by  an  inverted  glass.    After 

^"^^nty-four  hours  or  more  (according  to  the  tempera- 

^'e),  if  the  watch-glass  be  removed,  without  shaking, 

^  ^e  stage  of  a  microscope,  and  if  the  flattened  portion 

Qle  surface  of  the  glass  be  scrutinized  by  a  powerful 

^Olersion   lens%  numerous   small   but   quite  distinct 

^lonies  of  Tontla  cells  may  be  seen  scattered  over  this 

I,  the  members  of  which  are  perfectly  motionless^. 


About  10  or  15  grains  of  the  crystalline  salt  to  an  ounce  of  water. 

I  generally  employ  a  -j^"  objective,  and  frequently  double  its 
^^inary  magnifying  power  by  the  use  of  a  long  draw-tube,  so  as  to  get 
^  Amplification  of  about  1000  diameters. 

Other  Tormla  cells,  however,  often  exhibit  distinct  oscillating  muve- 
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In  these  several  patches  there  may  be   seen  delicate 
ovoid  ToTula  cells  of  almost  any  size  beneath  y^^"  in 
diameter.    The  larger  cells  are  united  in  little  groups 
of  twos  and  threes,  and  budding  from  them  may  be 
seen  pullulating  projections  of  different  sizes.    Sepoiat^ 
cells  also  exist,  smaller  and  smaller  in  size,  till  at  last 
they  cease  to   be  cellular  in  form,  and  we  see  oniy 
peculiarly  refractive  dots  or  specks  less  than  -^^^^  in 
diameter.     In  other  places  a  colony  of  ToruU  ceUs 
seems  to  be  about  to  grow  up.     Here  there  may  be    ; 
seen  merely  one  or  two  of  the  smallest  bodies  which    ; 
distinctly  display  the  cellular  form  interspersed  anxnigist    ! 
a  variable  number  of  the  refractive  specks  of  all  sires    \ 

I 

down  to  the  minimum  visihle  stage.     And  when  such   a 
patch   is  marked   and  watched  at  different  intervals 
a  crop  of  perfect  ToruU  cells  is  soon  seen  to  ocoipT 
the  same  situation.     The  ToruU  cells  do  undoubtedl-T 
multiply  pretty  rapidly  by  a   process   of  gemmation.^) 
when  they  have  attained  their  full  size,  and  possitF^-y 
also  they  may  increase  by  processes  of  fission  duric^S 
their  earlier  stages.     Accordingly,  their  distribution    ^ 
such  as  might  have  been  expected  amongst  such  scL^' 
multiplying  units.     Very  rapid  processes  of  sub-division  ^ 
cannot  be   recognized  amongst  ordinary  plastidc-paT'^'' 
tides  and  Bacteria^  although  many  persons  assume  tha^*^ 
such  phenomena  do  take  place  2,  and,  moreover,  whcc:^ 

^  M.  Pouchet  doubts  the  occurrence  of  this  mode  of  multiplicitioi^^ 
(•Nouvelles  Experiences/  &c.,  1864,  p.  168). 

'  I  have  actually  seen  the  fissiparous  division  of  a  Bactmum  obXj^^ 
on  comparatively  few  occasions. 
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rst  appear  in  a  homogeneous  film  of  fluid,  they 

a  more  Or  less  uniform  distribution.     Torula 

n  the  other  hand,  can   be   seen   to  pullulate 

iltiply,  and  being  motionless,  are  observed  to  be 

(ted,  not  uniformly  but   in  groups  or  colonies 

1  certain  fluids  in  which  they  did  not  previously 

As  to   the  origin  of  the   minute  specks  or 

:- particles    which    subsequently    develop    into 

cells,  two  views  may  be  taken:  either  (i),  they 

developed  representatives  of  pre-existing,  though 

ibie,  particles  which  have  been  derived  from  the 

or  filaments  of  pre-existing  Fungi,  or  (a),  they 

representatives  of  previously  invisible  particles 

g  matter  which  have  originated  de  novo. 

former  is  the  doctrine  advocated  by  Professor 

,  of  Jena,  whose  views  on  this  subject  we  may 

icfly  epitomise.    Such   bodies  as  I  have   been 

;   plastide  -  particles.  Professor  Hallier    names 

XKTci.*     He,  also,  regards  them  as  minute  par- 

£  plasma,  or  naked  living  matter,  though  he 

to  such  particles  a  very  definite  mode  of  origin. 

icves  them    to  be   produced   by  the   repeated 

sion  of  the   nuclei  of  some  fungus-spores,  or 

breaking  up  of  the  protoplasmic  contents  of 

larger  reproductive   cells  produced    by   fungi. 

;h  not  recognized   by  other   botanists,  Hallier 

the  production  of  micrococci,  after  the  manner 

to  be  a  normal  occurrence  in  the  life-history 

ly  of  the  smaller  fungi.     Whilst   disagreeing 
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with  him  in  this  view,  my  own  observations  ^^3" 
pretty  closely  accord  with  his,  as  to  the  future  fa — ^ 
of  these  so-called  'micrococci.'  When  introduced  in  ™ 
a  fluid  capable  of  undergo! i^  alcoholic  fcmwot — — ^" 
tion,  they  develop,  according  to  Hallier,  into  bodi  -^ 
resembling  ordinary  yeast  cells  or  Torultt  (named  ^Wby 
him  '  cryptococci'),  whereas  in  an  acid  fluid,  or  o^^oe 
which  becomes  acid  by  the  establishment  of  a  or  "^^ 
kind  of  fermentation,  they  assume  an  elongated  fbr^^^Tn, 
and  constitute  one  variety  of  what  are  ordinarily  tenn  _^ed 


i"  and  'Cryptoc 


>fHtitlier. 


Bacteria    {or    '  arthrococci  *    in    the    nomenclature        ** 
Hallier).     Micrococci  and  arthrococci  are  said  toic»^** 
tiply  by  fission,  whilst  cryptococci  increase  by  a  procr^^^ 
of  gemmation.     By  an  elongating  growth,  accompan.^*^^ 
by  the  formation  of  septa  at  intervals,  arthrococci   ^*^ 
said  to  be  capable  of  developing  into  distinct  lu***^ 
of  the  O'idium  type.     Thus,  according  to  the  nat**"^ 
of  the  fluids, '  micrococci '  develop  either  at  once  iX*- 
Tontla   cells,  from  which   a   mycelium  and  a  pcrf*^ 
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imgus  may  result;   or  else  into  Bacteria^  which  also 

11x7  develop    into  segmented  filaments,  and   thence 

into  distinct  'Bump  of  a  different  type.    These  various 

tinds  of  Btmp^  thus  resulting  from  the  development 

of  mere  micrococci  (or  plastide-particles),  are  supposed 

fcy  Hallier  to  be  capable  of  reproducing  micrococci  in 

tte  manner  already  indicated  by  a   breaking-up   and 

indiyidualisation  of  the  protoplasmic  contents  of  cer- 

ttn  reproductive  cells  ^.    Thus  he  claims  to  have  shown 

*at  such  particles,  and  BactertM^  are  merely  the  ultimate 

"fproductive  elements  of  Fungi ;  and  he  also  tries  to 

**ov  that  they  are  the  active  infective  agents  in  the 

^^lishment  of  cholera  and   many  other  contagious 

^iiscases^. 

*  See  Twelfth  Report  of  the  Medical  OflSccrof  the  Privy  Council.  1S70, 
P*  '43  f*  Introductory  Report  on  the  Intimate  Pathology  of  Contagion'). 
**  ^  be  seen  on  p.  345  of  this  *  Report*  that  Dr.  Sanderson  proposes  to 
'^ode  micrococci,  arthrococd,  other  forms  of  Bacteria^  and  Baettridia^ 
^^  the  single  designation '  mienaymes*  This,  however,  we  consider  for 
^^7  reasons  undesirable.  *  Microzyme'  seems  to  be  too  theoretical  and 
Mficas  a  name  for  a  simple  particle  of  plasma,  which  may  have  nothing 
^  do  with  fermentation ;  and  we  think  that  such  rudimentary  particles 
l^t  to  be  distinguished  by  name  from  those  which  have  assumed 
ne  developed  form.  For  this  latter  reason,  therefore,  we  consider 
■geli's  term,  *  Sebitiomycttts*  even  still  more  objectionable,  since 
cording  to  De  Bary,  who  adopts  it,  we  are  to  include  under  this 
Bgoatiaii '  fonns  of  extreme  minuteness,  as  yet  insufficiently  known  as 
{uds  thdr  organization,  which  are  represented  by  the  generic  names, 
hrh,  Baettrium^  Zoogl^ta  (Cohn),  Noiema  (Nageli),  Sarcina,  &c' 
tfoqihologie  der  Pilze,'  Leipsig,  1866,  S.  3.) 

'  These  claims  and  views  have  been  carefully  considered  by  Dr. 
iidoo  Sanderson,  who  says,  in  the  before-mentioned  Report, '  If  it  is 
le  that  oar  common  cA«als  are  infected  with  an  endophyte  which 
tniret  only  certain  very  easily  combined  conditions  of  soil  and  tempe- 
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In  spite  of  all  that  has  been  said  upon  the  subjed| 
however,  no  success  has  yet  attended  the  attempt  to 
show  that   Bacteria  usually  derive   their  origin  froo 
Fungi,  although  the  concurrent  testimony  of  many 
observers  tend  to  show  that  they  may,  after  undefgoiiy 
various  developmental  phases,  grow  into  Fungi.    The 
actual  origin  of  the  plastide-particles  or  micrococci 
therefore,  still  remains  an  open  question. 

What  I  have  said  concerning  the  appearance  of 
Torula,  and  their  derivation  from  minute  partidcs, 
seems  to  apply  also  to  Sarciua,  though  my  observations 
on  this  subject  are  less  complete  and  satisfactory.  I 
am  even  doubtful  as  to  yfhtXhcT  Sarcina  is  really  a  living 
organism  ^  It  was  originally  discovered  by  Prof.Good- 
sir^,  in  fluid  vomited  by  a  patient  suflFering  from  disease 
of  the  stomach.  Subsequently  it  has  been  discovered 
in  other  situations — in  urine  by  various  observers,  in 
the  lungs   by  Prof.  Virchow,  in  fluid  from  the  ven- 

rature  in  order  to  produce  nests  of  microzymes,  and  if  such  nests  irti  ** 
Ilallier  states,  to  be  found  in  all  contagious  liquids,  the  fact  can  ha^^^ 
fail  to  have  a  certain  significance  in  its  bearing  on  the  etiology  ^ 
infective  diseases ;'  but  then  he  adds : — *  At  present  there  is  no  grooD" 
for  stating  either  the  one  or  the  other.  The  former  is  denied  by  *" 
botanists,  the  latter  by  all  pathologists.' 

*  See  Appendix  A.,  pp.  ii — v. 

^  See  *  Edinb.  Med.  and  Surg.  Journal/  vol.  Ivii.,  184J.  The  «• 
scription  then  given  was  as  follows : — •  Sareina,  plants  coriacco'''' 
transparent,  consisting  of  16  to  64  four-celled  square  fnistules,  anang^ 
parallel  to  one  another  in  a  square  transparent  matrix.  Spedtf  *' 
Sarcina  ventriculi  (mihi),  Fnistules  16,  colour  light  brown,  transp*'*^ 
matrix  very  perceptible  between  the  fnistules,  less  so  around  thccdg**' 
size  800  to  loooih  inch.     Hab.,  the  human  stomach.* 
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qS.  the  brain  by  Sir  Wm.  Jenner,  in  a  gelatinous 
ftiatum  on  the  surface  of  old  bones  by  Mr.  Stephens, 
and  in  a  few  other  habitats^    It  is  believed  by  the 
Rev.  M.  J.  Berkeley  to  be  some  unusual  form  of  one  of 
onr  common  moulds,  though  great  obscurity  is  acknow- 
ledged to  prevail  on  this  subject,  and  nothing  is  cer- 
tainly known  concerning  its  subsequent  morphological 


4W 

Fio.  ai. 
Avinu,  from  An  Ammonic  Tartrate  and  Sodic  Phosphate  S>olution. 

r 

^ition,  or  from  what  organism  it  has  been  derived. 
Mr.  Berkeley  says',  *  Every  attempt  to  make  it  ger- 
^natc  and  produce  its  proper  fruit  has  at  present 
'^ilcd.'  I  have  met  with  it  several  times  in  closed 
^^  containing  ammonic  tartrate  and  sodic  phosphate, 
^l^ough  not  in  other  saline  solutions  with  which  I 
'^ve  experimented.  It  appears  to  be  always  produced 
^  slightly  acid  fluids,  and  it  seems  very  probable  that 

For  further  particulars  on  thb  subject,  see  Dr.  Tilbury  Fox's  *  Skin 
*^*«ses  of  Parasitic  Origin/  pp.  152-163.  M.  Pasteur  (*  Ann.  de  Chim. 
^  ^  Phys./  i86a,  PI.  11,  fig.  27,  k,  and  p.  80)  has  figured  and 
***iides  to  an  'Algue  formte  de  cellules  quatemaires,  dt^poscc  sous 
^^'^  de  pr^pitate/  upon  the  walls  of  a  flask  which  had  contained 
*  ^  de  levftre  non  sucr^,'  and  which,  if  not  Sarcina^  must  be  very 
^^\j  allied  thereto. 

'  British  Fungology.'  i860,  p  69. 


i 
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the  presence  of  phosphates  or  of  phosphoric  acid  may 
be  also  necessary  for  the  development  of  this  product- 
The  specimens  found  in  urine  are  about  half  the 
of  those  which  occur  in  the  stomach;  the  latter  al; 
have  a  brownish  tint,  whilst  those  found  in  my  sali: 
solutions^  have  been  colourless  and  more  sharply 
fined,  though  very  variable  in  size. 

I  have  still   to  refer  to  another  observation  thro 
ing  light  upon  the  mode  of  origin  of  what  appcac    cd 
to  be  distinct,  double-contoured,  Fjw^x-cells,  of  a  ki^  ^k/ 
concerning  which  we  shall  have  more  to  say  he--^^ 
after.     These  again  seemed  to  originate  from  min'^Jtc 
particles,  which,  a  short  time  previously,  had  not  b^^^ 
visible    in   the    fluid.      The    observation   now  to      ^ 
recorded  is  interesting  also  in  other  respects,  and    ^ 
sufficiently  suggestive  as  to  the  possible  influence    ^ 
electrical  conditions  in  promoting  evolutional,  or  d^* 
velopmental  changes. 

Referring  to  notes  made  at  the  time,  I  extract  "tJ^^ 
following  particulars : — About  eleven  p.m.  on  the  i  -4-*7 
of  June  a  small  quantity  of  ordinary  ammonic  sescj>^' 
carbonate  was  dissolved  in  some  apparently  pure  {thio^^^ 
not  distilled)  water,  in  a  watch-glass.  Afler  soluti^^^ 
and  in  about  an  hour's  time,  the  fluid  was  carcf^^^ 
examined  with  diflFerent  microscopic  powers,  and  Im^^J 


^  They  are  not  to  be  obtained  at  will.  I  haife  met  with  tbem 
eight  or  nine  times,  but  have  very  frequentiy  failed  to  prodnoe  tb^ 
I  have,  however,  never  found  well  marked  specimens  except  in  a  solot^ 
which  contained  ammonia  and  a  phosphate. 
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bottom  of  the  watch-glass  was  scrutinised  in  very 
tty  situations  with  an  immersion  ^Y'  objective.  No 
ing  thing  of  any  kind  was  seen,  though  scattered 
ar  the  bottom  of  the  glass  were  a  large  number  of 
ly  crystals,  some  larger  and  some  smaller  than  ^-^^' 
diameter.  Under  the  polariscope  they  gave  the 
ost  beautiful  and  varied  colour  reactions.  The  watch- 
lass  was  then  placed  on  a  mantel-piece  with  a  soft 
QT&cc  (covered  with  velvet),  a  wine-glass,  with  its 
tern  broken  off,  was  inverted  over  it,  and  this  again 
ws  covered  by  a  tumbler,  in  order,  as  much  as 
Xttihle,  to  prevent  evaporation  and  keep  out  dust. 
Iftcr  twenty-four  hours  the  bottom  of  the  watch-glass 
•as  again  carefully  examined  with  the  yV  object-glass, 
'od  no  change  was  observable.  There  were  the  same 
ninutc  crystals — perhaps  rather  more  numerous  than 
*fore — but  no  recognisable  specks  of  protoplasm  or 
tiler  trace  of  living  things.  The  watch-glass  was  then 
epiaced  as  before.  The  next  day  (June  i6th)  the  weather 
•^  hot  and  extremely  sultry.  The  temperature  was 
bout  85**  F.  in  the  shade,  and  a  thunder-storm, 
'hich  seemed  imminent  during  the  whole  of  the  day, 
cgan  about  7  p.  m.,  and  continued  till  the  early 
ours  of  the  morning  of  the  following  day.  At  about 
1*30  P.M.  of  this  i6th  of  June,  I  again  examined  the 
^lution  in  the  watch-glass — forty-ei^ht  hours  after  it 
^  been  prepared.  Then,  what  appeared  to  be  Fungus- 
•ores  were  seen  in  all  stages  of  development,  scattered 
'er  the  whole  of  the  bottom  of  the  glass,  and 
VOL.  I.  u 
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intermixed  with  the  small  crystals.  They  were  quiti 
motionless,  and  mostly  separate,  rather  than  in  distind 
groups.  They  varied  in  size  from  the  minutest  visibk 
speck,  to  a  spherical  nucleated  body  ^^nr"  ^^  diameter 
No  moving  particles  or  BsaerU  were  seen.     ProbabI] 


a  a 


OOOOO0    0     (S)     (5) 


FlO.  2  2. 

Different  Developmental  Stages  of  Spores  (?)  foimd  in  an  Ammonic 

Carbonate  solution.    ( x  800.) 

more  than  a  thousand  of  these  bodies  were  developing 
in  the  one  watch-glass — each  growing  in  its  own  place, 
and  showing  no  evidence  of  multiplication  by  division 
or  puUulation.     In  those  whose  dimensions  did  not 
exceed  nj^^J^'  in  diameter,   no   nucleus  was  visibif, 
though  the  larger  of  them  displayed  a  distinctly  vesicular 
appearance.     As  these  spores  or  spore-like  bodies  in- 
creased in  size,  the  thick  wall  became  more  and  more 
manifest— though  it  had  a  rather  rough,  granular  ap- 
pearance— and  a  nucleus  gradually  showed  itself  within, 
which  was  also  granular  ^     The  next  morning,  after 

»  This  appearance  I  had  not  unfrequently  seen  before,  where  sport* 
resembling  these  bodies  had  been  developing  in  saline  solutions,  and  « 
had  always  strongly  suggested  the  notion  to  me  that  such  spores  wert 
formeil  by  an  actual  coalescence  of  granules  and  particles.  Here, 
however,  there  were  no  granules  or  moving  particles  present ;  the  spore- 
like bodies  were  ihe  only  possibly  living  things,  and  it  seemed  quite 
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twelve  hours,  the  spores  (?)  seemed  to  be  much  in  the 
sune  condition,  though  numerous  smaJl  colonics  (30  to 
50  in  each)  of  motionless  Bacteria  were  now  visible. 
During  the  day  the  air  was  clear,  and  the  temperature 
lower  (76**  F.);  and  after  twelve  hours  more  (in  the 
evening)  the  Bacteria  were  found  to  have  considerably 
increased  in   number,  and  several   of  the   spore-like 
bodies  were  in  a  more  developed  condition — their  thick 
walls  being  wholly  or  partially  consolidated,  and  the 
nucleus  also  more  distinctly  defined.     In  this  condition 
they  perfectly  resembled  the  undoubtedly  living  spores 
which  have  been  found,  either  alone  or  in  connection 
with  mycelial  filaments  to  which  they  have  given  rise, 
in  many  ammoniacal  solutions.    The  great  majority  of 
the  spore-like  bodies  in  the  watch-glass  were,  however, 
still  in  the  granular  condition — they  seemed  to  have 
niade  no'advance  whatever.    On  the  following  day  they 
Were  not  quite  so  distinct — some  of  them  s?emed  to 
^  disintegrating,  whilst   none    had    undergone    any 
ftrther  development.    The  Bacteria^  on  the  contrary, 
had  decidedly  increased  in  quantity.     After  two  days 
Diore,  minute  Torula  cells  began  to  appear.    These  did 
not  rapidly  multiply,  as  on  other  occasions,  but  soon 

(ctiin  that  they  could  not  have  originated  after  this  fashion.  They 
^ously  commenced  as  minute  specks,  and  the  granular  appear- 
u>ce  manifested  itself  as  long  as  the  spore-like  bodies  were  still 
iiicreising  in  size.  When  growth  stopped,  consolidation  Ix'gan  to 
^e  place,  and  an  even,  double-contoured  wall  soon  replaced  that 
^ich  was  before  irregular  and  granular.  ^Compare  with  those  in 
^igs.  29  and  39.) 

U  2 
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began  to  develop  into  mycelial  filaments,  Le.  the  growth 
of  each  was  continuous  rather  than  discontinuous. 

The    thick- walled   spores — if  such   was   their  real 
nature — had  either  developed  or  come  into  existeooc^ 
under  the  influence  of  the  high  temperature  and  the 
disturbed  electrical  condition  of  the  atmosphere^.   And 
whatever  their  nature,  they  seemed  to  be  so  much  tht 
creatures  of  these  conditions  as  to  be  unable  to  survive 
under  those  which  followed. 

It  seems  certain,  at  all  events,  that  these  bodies  re- 
sembling Fn^w^z-spores  originated  separately  in  diftrcnt  i 
parts  of  the  solution.  And  neither  have  the  real  sports 
which  they  resemble  been  observed  to  multiply  either 
by  fission  or  gemmation:  they  have  not  even  been 
found  aggregated  together  in  a  fashion  which  wouM 
suggest  the  probability  of  this  method  of  multiplica- 

• 

tion.  The  real  spores  have  likewise  been  seen  i^ 
gradually  diminishing  sizes,  down  to  the  smallest 
visible  specks. 

What,  then,  is  the  origin  of  the  plastide-parti^lcs 
which  develop  into  Bacteria^  ToruU^  or  other  low  for^ 
of  life  that  so  soon  swarm  in  infusions  of  animal  ^ 
vegetable  substances,  and  in  certain  saline  or  amt^^ 
niacal  solutions  ?    Do  they  owe   their  origin   to    ^ 
multiplication  of  germs   pre-existing   in  the  air,    ^^ 

*  We  may,  perhaps,  connect  this  possibility  with  the  well-known  •^ 
that  milk,  beer,  and  other  fluids  are  so  very  prone  to  turn  sour  dtui^^-" 
thunder-storm,  or  whilst  it  is  threatening. 
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ater,  or  the  substance  infused?  or  have  they  been 
roduced  ie  n9Fvo^  and  without  the  agency  of  germs  ? 
rhese  are  the  questions  which  most  urgently  press  for 
xdution*  Can  Archebiosis  still  take  place,  or  does  all 
life  proceed  from  pre-existing  Life  ? 

I  think  it  will  be  at  once  recognised,  that  it 
vould  be  altogether  useless  to  search  in  the  ait  for  the 
jmns  of  plastide-particles,  or  of  Bacteria.  Even  M. 
Kisteor  himself  admits  this.  Speaking  of  the  germs  of 
the  BsctmMmy  ^  which  shows  itself  in  all  sorts  of  in- 
Asions,  and  which  almost  always  appears  before  the 
other  Infusoria,'  he  says  (Annal.  dc  Chimie  ct  dc 
fhysique,  1862,  p.  56): — 'This  Infusorium  is  so  small, 
that  om.  could  not  distinguish  its  germ,  and  still  less 
affirm  the  presence  of  such  germ,  if  it  were  known, 
^nxmgst  tht  organised  corpuscles  belonging  to  the  dust 

• 

^  suspension  in  the  atmosphere/ 

No  investigations  as  to  what  the  air  docs  or  docs  not 

^^taincan,  therefore,  throw  much  direct  light  upon  this 

question  as  to  the  mode  of  origin  of  Bacteria.    S::eing 

that  the  champion  of  the  Panspermatists  admits  this, 

^  may  for  the  present  completely  disregard  thij?  aspect 

^  the  question,  merely  pointing  out  that  probably  more 

"^^  nine-tenths  of  the  discussion  and  experimentation 

^'hich  has  taken  place  upon  the  question  of  the  exist- 

•'^ce  or  non-existence  of 'germs'  in  the  air  has  been 

*^Ost  wholly  irrelevant,  and   without  value   for  the 

-^tlement  of  the  main  question  at  issue  (see  p.  297). 

We  must,  then,  have  recourse  to  a  microscopical 
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examination  of  the  solutions  themselves  in  which  ll 
plastide-particles,  and  the  Bacteria  or  Tarula^  appj: 
The  mode  in  which  they  make  their  appearance  w^^  as 
first  studied  by  Mantegazza^,  though  others  have  suH'  b- 
sequently  made  similar  observations.  I  have  frequent-Ji::^!^ 
watched  their  appearance,  during  warm  weather,  r  in 
portions  of  organic  solutions  hermetically   sealed  in 

small  class  tubes,  or,  more  advantageously  still,  in  th  ■      in 
filmsi^^uid  beneath  a  covering  glass,  after  it  had  be  "^cn 
cemented*  to  the  glass  slip,  or  after  the  fluid  had  be-  ^n 
otherwise  prevented  from  undergoing  rapid  evapoiatit^iDn. 
If  a  drop  of  a  very  strong  infusion  of  turnip'^       be 
taken    (after   it  has   been    filtered  •  five  or  six  tiiKnes 
through  the  finest  filtering  paper),  and  mounted  in  '^Ji^c 

^  Professor  Mantegazza  first  watched  the  appearance  of  Baettrw^m  io 
a  solution  containing  some  fragments  of  vegetable  tissue,  enclosed  mn  a 
hermetically-scaled  glass  tube.  On  this  occasion  he  uratched  the 
solution  assiduously  for  sixteen  consecutive  hours.  At  the  cxpira-tion 
of  two  hours,  he  s.iw  the  first  particles  appear  in  the  solution,  at  ^i^ 
simply  exhibiting  a  slow,  oscillating  movement,  but,  after  a  time,  daX^i^S 
about  with  the  rapid  movements  by  which  active  Baeieria  are  cH** 
racterized.  Their  number  increased  imperceptibly,  till,  at  the  end  erf  *** 
hours,  the  liquid  had  become  quite  cloudy.  (See  *  Giomal.  delL  R. 
tuto  Lombardo,*  t.  iii.  185 1.) 

"  Taking  care  to  employ  a  cement  which  has  been  previoosly  m- 
taincd  not  to  be  hurtful  to  Bacteria,  and  to  leave  a  minute  aperture  o-^   *^ 
circumference  of  the  glass  uncovered  by  the  cement.    Or  a  drop  o^  **** 
fluid  to  be  examined  may  be  placed  in  an  ordinary  animalcule  cag^*   ^^^^ 
the  cover  then  pressed  down  so  as  to  flatten  the  drop  mto  a  thin  fil***" 

»  This  I  have  found  to  answer  best.  The  water  of  the  infusion  %1^^>^ 
not  at  any  time  be  hotter  than  about  35**  F.  Sometimes  the  appc»r<?-^* 
of  Bacteria  has  been  hastened  by  neutralizing  the  natural  acidity  of  ^ 
infusion  by  liquid  potassse. 
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inner  above  mentioned,  it  is  not  difficult — with  the 
ige  of  the  microscope  in  a  horizontal  position — 
>  bring  into  the  field  of  view  a  portion  of  the  film, 
Wch  either  contains  no  visible^  particles,  or  only 
t  small  number,  such  as  can  be  easily  counted.  With 
^  slip  resting  on  one  of  Strieker's  hot-water  plates 
BMuntained  at  a  temperature  of  85°-95°  F.,  it  may  be 
famd  that,  in  the  course  of  three  or  four  hours,  faint 
^  ill-defined  whitish  specks,  less  than  ^jshnr"  ^" 
<liamctcr,  make  their  appearance  pretty  evenly  dispersed 
throughout  the  field  of  view.  These  arc  at  first  almost 
"Wionless — exhibiting  only  the  merest  vibrations,  but 
^  progressive  movements.  They  gradually  become 
^'^ore  distinct,  assume  a  sharper  outline,  and  after 
^  liable  time  some  of  them  develop  into  distinct 
Wm«f «.  At  first  they  exhibit  gentle  oscillations  and 
*^iliblings  only,  though  gradually  they  display  the  more 
^^racteristic  darting  movements.  The  study  of  the 
ode  of  origin  of  these  primordial  living  forms  is,  in- 
•^  facilitated  and  rendered  much  more  certain  by  the 
ct  that  they  remain  comparatively  motionless  for  a 
tig  time  after  their  first  appearance,  and  also  continue 
int  and  much  less  refractive  than  when  in  the  more 
ature  condition.     Hence  it  becomes  a  matter  of  the 

^  Working  with  a  magnifying  power  of  1000  diameters. 
*  The  shortest  time  in  which  I  have  seen  Bacteria  develop  in  such 
Film  has  been  one  hour  and  a  half.    More  frequently,  however,  three 
Kus  have  elapsed,  and  sometimes  longer  still,  before  distinct  Bacteria 
ife  made  their  appearance  in  the  field  of  view. 


greatest  ease  to  watch  their  appearance  in  thin  falms  •  ot 
fluid,  and  also  to  distinguish  them  from  other  extraneor  -^mis 
particles  with  which  they  may  coexist. 

But  if,  in  a  motionless  film  of  fluid,  multitudes  of 
living  particles  subsequently  appear,  which  are  thei 
selves  almost  motionless,  how  can  we  account 
their  origin?  Three  hypotheses  present  themselv* 
It  may  be  said  (a)  that  they  have  arisen  through 
reproductive  multiplication  of  one  or  more  germs  or 
organisms  in  the  film  of  fluid  which,  though  vifi^^^j 
had  escaped  observation.  The  difficulties  standing  in 
the  way  of  our  acceptance  of  this  explanation  are  thc^^- 
The  film  is  motionless,  and  also  those  first  appears.  «^ 
particles  which  gradually  come  into  view  in  portio*^ 
of  it  where  no  such  particles  had  been  previoti.^l'J 
visible.  No  multiplication  by  fission  or  other  me: 
can  actually  be  observed  to  take  place  by  microscopi 
among  the  mere  particles  in  question,  though  this  ou^5^^ 
to  be  easily  observable  if  it  really  occurred  at  the  t^^^^^ 
postulated.  And  lastly,  if  the  subsequent  large  numP"*^^^ 
are  to  be  accounted  for  by  the  occurrence  of  a  re] 
ductive  process  taking  place  amongst  a  few  visible  fc^"^ 
unobserved  germs,  these  products  of  fission,  being  x^"*^ 
t  ion  less,  ought  to  be  aggregated  here  and  there  ovxi  '^  j 
whilst  as  a  matter  of  fact,  no  such  arrangement  exist:^^^ 
there  is  rather  a  uniform  diflFusion  of  the  particles.  Ttx  ^^^ 

*  This  does  actually  take  place  in  the  appeanmoe  of  TonJa  cells  ^  ' 
watch-glass  (p.  281),  because,  being  also  motionless,  they  do  nnder^^^' 
rapid  process  of  subdivision,  even  whilst  they  are  of  a  very  minute     ^  ^ 
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rious  difficulties  appearing  fatal  to  this  explanation 
the  mode  of  origin  of  the  multitudes  of  plastide- 
irticles  and  Bacteria^  we  are  left  with  only  two  other 
ossible  modes  of  origin: — either  {b)  they  have  been 
Icvcloped  from  a  multitude  of  pretty  evenly  dissemi- 
nated mvisitle  germs,  or  {e)  they  have  been  produced 
it  W9V0  in  the  fluid  by  a  process  of  Archebiosis. 

Thus  the  solution  of  this  great  problem  passes  beyond 

ftc  readi  of   actual    demonstration.      Microscopical 

evidence  enables  us  to  bring  it  to  this  stage  now,  and 

it  may  perhaps  never  enable  us  to  do  more.     It  reduces 

us  to  a  consideration  of  two  rival  hypotheses,  and  to  a 

Qrcfiil  consideration   of  whatever  evidence   may   be 

fcrthcoming  to  influence  us  in  our  choice  between  these 

^  possible  explanations.      Nothing  that  can  be  said 

^l^  the  abundance  of  recognisable  atmospheric  germs 

^  directly  affect  the  solution  of  this  problem.     It 

IS  one  which,  if  it  has  to  do  with  germs  at  all,  has  to 

^0  with  hvisiUe  germs.     But  invisible  germs  can  have 

^y  a  hypothetical  existence,  and  even  to  this  they  can 

*y  no  claim,  unless  observed  phenomena  cannot  be 

plained  without  such  postulation.      We   must  not 

^rget  the  old  and  well-approved  logical  rule, — 

•Entia  non  stmt  multiplicanda  praeter  necessitatem/ 

^e  'law  of  parsimony'  may  well  be  quoted  for  the 
^nefit  of  those  who  would  ruthlessly  people  the  atmo- 
t>here  with  such  countless  myriads  of  ^entities ^' 

*  Some  of  those  who  arc  so  eager  to  demonstrate  the  prevalence  of 
^enns,'  are  frequently  carried  away,  by  their  enthusiasm,  beyond  the 
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The  problem  which  is  now  presented,  concerning  th 
origin  of  these  low  organisms,  so  precisely  resemblt 
that  which  has  had  to  be  settled  in  the  case  of 
crystals^,  that  it  may  be  well  to  elucidate  our  subject  bcrMI 
this  analogy.     It  will  be  necessary,  however,  in 
paring  the  two  problems,  that  the  reader  should  look  s 
the  evidence  only,  with  a  mind  as  free  as  possible  ftor 
the  warping  influence  of  preconceptions. 

Crystals  are  statical  aggregations,  whilst  organise  .sijj 
are  dynamical  aggregations 2,  which,  from  the  evol  iflu- 


bounds  of  strict  logic.    It  suffices  to  show  by  the  agency  of  the  flw  fiic 

light  or  by  some  other  means,  that  air  and  water  contain  myriads  of 
nitesimally  small  particles,  some  of  which  are  organic  in  nature,  in  0- 


that  they  may  at  once  come  to  the  conclusion  that  the  organic  part^E.  ds 
are  germs.  But,  seeing  the  countless  forms  of  life  which  exist  upoi^  (be 
surface  of  the  earth,  and  how  these  arc  from  moment  to  moment,  di&:anng 
life  as  well  as  after  death,  imdergoing  a  molecular  disintegimtia  ^n.  it 
would  be  strange  indeed  if  the  atmosphere,  and  water  which  has 
exposed  to  it,  did  not  contain  multitudes  of  organic  particles,  both 
and  small  The  great  majority  of  such  mere  organic  particles,  how'^svcr, 
could  have  no  reasonable  title  to  be  called  germs. 

'  The  analogy  between  the  two  problems,  as  to  the  possible  o^'^C™ 
of  some  cr)'stals  and  organisms  dt  novo  in  solutions,  has  been  rencJ«*"*° 
much  more  obrious  since  the  discovery  by  the  late  Professor  GraJ^^*-™' 
that,  when  dissolved,  the  saline  substance  does  not  remain  as  suc^^  ^ 
solution— but  that  the  acid  and  the  base  exist  separately,  an^  **** 
separable  by  a  process  of  dialysis.  When  crystallisation  occurs,  tt*^**" 
fore,  we  have  a  combination  of  molecules  taking  place  similar  to,  tlx*>**^ 
simpler  than,  what  may  be  presumed  to  take  place  in  the  «-«-e««=^    ^^ 


speck  of  liWng  matter. 

•  This  difference  between  cr>'stals  and  organisms,  which  are  in    o^*^ 
respects  strictly  comparable  with  one  another,  was  dearly  pointed     ^^^ 
by  Burdach.    In  both  cases,  he  says,  **  La  tendance  int^eue  ^  '^ 
configuration  existe  a>'ant  sa  manifestation.  .  .  .  Mab  dans  le  cri^^^ 
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int  of  view,  arc  supposed  to  take  origin  from 
)ositions  occurring  amongst  colloidal  mole- 
Holds  possess  so  strong  an  inherent  tendency 

change,  that  they  were  said  by  Professor 
»  be  endowed  with  properties  which  foim 
F  those  manifested  by  living  things.  Matter 
isses  into  the  crystalline  condition  exhibits 
of  a  certain  kind;  and  when  it  passes  into 
condition  it  exhibits  properties  of  another 
hich  we  commonly  apply  the  term  ^  vital.* 
{uestion  in  each  case  is,  whether  by  mere 
s  of  certain  physical  conditions,  aiding 
ng  the  inherent  properties  of  the  matter 
e  kinds  of  matter  can  fall  into  modes  of 
n  called   crystalline^  whilst  other  kinds  are 

falling  into  modes  of  combination  called 
whether,  in  each  case,  a  pre-existing  'germ' 
cular  kind  of  matter  is  necessary,  in  order  to 
in  suitable  media,  either  of  these  modes  of 
n.  Are  we  to  believe  that  crystals  can 
no  solution   whatsoever   without   the   pre- 

int  i  moment  m^me  oil  il  se  produit ;  il  ne  conserve 
le  comme  le  caillot,  que  par  sa  seule  cohesion,  par  I'en- 
imiqae  de  ses  ^Uments,  el  il  ne  manifeste  plus  aucune 
jae  de  nouvelles  causes  ne  viennent  point  d^ranger  I'^ui- 
ps  organist  au  contraire,  se  maintient  par  une  production 

la  continuity  des  mouvements  plastiques,  par  la  perma- 
agonisme  de  forces  qui  lui  a  donn6  naissance.     La  pir- 

persistance  de  Tactivit^  nous  apparait  done  comme 
la  vie." — Traiti  d*  Pbysiologie,  translated  by  Jourdan, 
139. 


existence  in  that  solution  of  certain  crystalline  germ       .< 
and  similarly  that  living  things  can  arise  in  no  solutic — :>. 
whatsoever  without  the  pre-existence  in  such  soluti^c^i 
of  living  germs?    The  very  mention  of  this  questL<z:>ri 
in  connection  with  the  origin  of  crystals  may  seem     to 
some   people   to   be  quite   absurd,  because  they  hsfve 
always   been  in   the  habit  of  believing   that  crystals 
could,  and  do,  habitually  come  into  being  Je  navo^  with- 
out the  agency  of  pre-existing  crystals.     But  in  spite  of 
the  fact,  that  the  majority  of  people  arc  quite  content 
to  believe  that  crystals  originate  in  obedience  to  purely 
physical  conditions,  and  independently  of  pre-existing 
'  crystalline  force ;'  still,  facts  somewhat  similar  to  those 
which  are  to  be  met  with  in  connection  with  the  sister 
problem,  have  induced  some  chemists  seriously  to  ques- 
tion the  possibility  of  the  </f  movo  origination  of  crystals 
in  some  supersaturated  solutions.     In  support  of  this 
statement,  I  need  only  quote  the  following  passage  frani 
Watts's  Dictionary  of  Chemistry  ^ : — '  This  sudden  cryst^J- 
lisation,  if  not  produced   by  cold,  appears  to  dcpeO<* 
essentially  on  contact  of  the  solution  with  small,  sol i^ 
perhaps  crystalline  particles^  for  it  is  not  produced  ^1 
passing  air  previously  purified  by  oil  of  vitriol  throii^ 
the  solution,  or  by  agitation  with  a  glass  rod  previou^? 
purified  from  dust  by  ignition.      AceonUng  t§  Vuir^^ 
and  De  GerneZy  the  sudden  crystallisatUm  is  m  all  c^-^ 
induced  only  hy  contact  naith  a  crystal  of  tki  same  s^^  ' 
possessing  the  same  form  and  degree  of  hydration 

*  Vol.  V.  p.  349. 
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be  crystals,  which  separate  out;  and  in  the  case  of 
kbose  supersaturated  solutions  which  crystallise  suddenly 
on  exposure  to  the  air,  it  is  due  to  the  presence  of 
minute  particles  of  that  salt  floating  in  the  air.  From 
an  experiment  of  De  Gerncz  it  appears  that  micro- 
scopic crystals  of  sodic  sulphate  may  be  obtained  by 
passing  air,  even  in  the  open  country,  through  pure 
water,  and  evaporating  the  water  on  a  glass  plate. 
Jeannel,  however,  denies  the  necessity  of  contact  with 
the  salt  actually  contained  in  the  solution.  He  finds, 
indeed,  that  a  supersaturated  solution  of  sodic  acetate 
oiay  be  made  to  crystallise  by  contact  with  any  solid 
substance  (a  piece  of  paper,  for  example),  and  a  solution 
of  sodic  tartrate  by  contact  with  a  clean,  dry,  glass 
'oi'  Here,  then,  we  have  a  veritable  ^germ^  contro- 
versy referrible  to  crystals.  I  have  been  informed, 
however,  by  Prof.  Frankland,  that  even  in  the  case  of 
sodic  sulphate  it  has  been  shown  that,  under  certain  con- 
AkmSy  crystallisation  can  take  place  where  no  crystal- 
line germ  could  possibly  have  existed. 

The  ^germ'  theory  of  the  origin  of  crystals  in 
supersaturated  solutions  has,  therefore,  not  only  been 
in  eiistence,  but  has  been  overthrown.  This  has  been 
pofisible,  however,  only  because  it  has  been  more  easy 
x>  show  that  a  given  set  of  conditions  arc  inimical  to 
he  existence  of  a  crystal,  than  it  has  yet  been  to  induce 
)eople  to  believe  that  any  given  set  of  suitable  cxperi- 
nental  conditions  are  incompatible  with  the  existence 
rf"  matter  in  the  living  state. 
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It  is  worthy  of  remark,  however,  that  the  germ  con- 
troversy concerning  crystals  can  only  be  settled  in  tk 
minds  of  those  who  are  content  to  accept   the  h^ 
probability  that  the  properties  of  any  hnjisibU  portions 
of  crystalline  matter  would  correspond  with  the  prqw- 
ties  which  similar  visible  crystalline  matter  is  known  ; 
to  display.      And  it  is  this  reluctance  to  admit  an  | 
equally  high  probability  in  the  case  of  living  matter, 
which  alone  causes  the  sister  controversy  to  continue 
Otherwise,  the  question  as  to  the  possibility  of  the  if 
ncvo  origination  of  organisms  would  have  been  amicably 
settled  long  ago. 

So  far  as  evidence  derived  from  microscopical  exami- 
nation can  be  adduced,  moreover,  it  is  able  to  speak 
no  more  decisively  concerning  the  de  novo  origin  of 
crystals,  than   concerning  the   de  novo  origin  of  or- 
ganisms.    In  the  elucidation  of  this  point  the  valuable, 
though  insufficiently  known,  observations  of  Mr.  Rainey* 
come  most  opportunely  to  our  aid.     In  ordinary  cases, 
it  is  difficult  to  watch  satisfactorily  with  the  microscope 
the  first  stage  in  the  appearance  of  crystals  in  solutions 
containing  crystallizable  matter,  owing  to  the  rapidity 
with  which  their  growth   takes   place.      This  is  one 
point   in  which  crystals  are  strikingly  diflFerent  from 
organisms.     The  slower  growth  of  organisms  is,  how- 
ever, as  Prof.  Graham  pointed  out,  quite  in  accordance 
with  the  general  slowness  of  colloidal  changes.     But, 

*  •  On  the  Mode  of  Formation  of  the  Shell  of  Animals/  &c    London, 
1858. 
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Rainess  discovery  that  crystals  are  produced 
e  slowly,  and  undergo  very  important  modi- 
n  shape,  when  they  are  formed  in  viscid 
the  formation  of  these  bodies  has,  in  both 
ecome  much  more  obviously  comparable  with 
ganisms.  The  appearance  of  these  modified 
lay  be  best  watched  after  mixing  solutions 
id  carbonate  of  potash  in  the  manner  which 
carefully  described  by  Mr.  Rainey.  Owing 
rid  properties  of  gum,  a  solution  of  this  sub- 
tises  with  diflScUity,  and  hence,  when  brought 
ct  with  a  solution  of  carbonate  of  potash,  the 
lime  of  the  gum  only  decomposes  very  slowly. 
ible  carbonate  of  lime,  instead  of  appearing  in 
rystalline  condition,  is  precipitated  in  the  form 
\  resembling  calculi.,  Mr.  Rainey  thus  describes 
s  place  when  portions  of  the  two  solutions 
I  under  the  microscope: — ^The  appearance 
irst  visible  is  a  faint  nebulosity  at  the  line  of 
Jic  two  solutions,  showing  that  the  particles 
»te  of  lime,  when  they  first  come  into  existence, 
inute  to  admit  of  being  distinguished  indivi- 
higji  microscopic  powers ^  In  a  few  hours 
y  minute  spherules,  too  small  to  allow  of 
measurement,  can  be  seen  in  the  nebulous 
lion  of  which  has  disappeared,  and  is  replaced 
phcrical  particles.    Examined  at  a  later  period, 

icy  generally  made  use  of  one  of  Ross's  ^"  object-glasses. 
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dumb-bell-like  bodies  will  have  made  their  appearand 
and  with  them  elliptical  particles  of  different  degr< 
of  excentricity.'  (p.  9.)  These  modified  crystals  J 
therefore,  not  produced  more  rapidly  than  the  low 
living  things  appear  to  be  in  other  solutions  duri 
hot  weather.  The  shapes  of  the  products  in  the  t 
cases,  judging  from  Mr.  Rainey's  figures,  arc  a 
remarkably  similar.     (See  vol.  ii.  Fig.  41.) 

Thus,  then,  the  problem  concerning  the  primorc 
formation  of  crystals  and  of  living  things  is  essenti; 
similar  in  kind.  Any  difference  in  degree  between 
present  knowledge  on  these  two  subjects  must  not  bl 
us  as  to  their  similarity  in  nature.  Plastide-parti< 
and  Bacteria  are  produced  as  constantly  in  solutions 
colloidal  matter  as  crystals  are  produced  in  soluti 
containing  crystal  lizable  matter.  Crystallizable  i 
stances  are  definite  in  composition,  and  give  rise  to 
finite  statical  aggregations;  whilst  colloidal  substan 
much  more  complex  and  unstable,  give  rise  on 
contrary  to  dynamical  aggregations.  These  dynair 
aggregations,  though  they  may  at  first  make  their 
pearance  in  the  form  of  plastide-particles  and  Bact 
are,  by  virtue  of  the  properties  of  their  constitt 
molecules,  endowed  with  the  potentiality  of  undergo 
the  most  various  changes  in  accordance  with 
different  sets  of  influences  to  which  they  are  submitt 
Respecting  the  origin  of  the  first  visible  forms  wh 
appear  in  either  kind  of  solution,  the  evidence  wh 
we   possess  is   precisely  similar    in    nature.      If  si 
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uciascopical  evidence  does  not  enable  us  to  get  rid  of 
be  doubt  that  the  smallest  visible  specks  of  living 
natter  may  have  originated  finom  invisihle  ^germs'  of 
ndi  (Hganisms,  neither  does  it  any  more  enable  us  to 
(fispense  with  the  supposition  that  the  smallest  visible 
crystals  may  have  originated  from  pre-existing  invisible 
*  germs'  of  crystals.  The  very  existence  of  the  one 
set  of  invisible  '  germs'  is,  in  fact,  just  as  hypothetical 
as  the  existence  of  the  other.  Plastide-particles  and 
^tris  we  do  know ;  but  concerning  the  existence  of 
invisible  *  germs/  of  these  we  know  just  as  little  as 
we  do  concerning  the  existence  of  invisible  ^  germs ' 
of  crystals. 


^L.  I. 


CHAPTER  VIII. 

THE  LIMITS  OF  '  VITAL  RESISTANCE'   TO   HEAT. 

Conflicting  analogies  bearing  on  the  qnestioo  of  the  Origin  ofJMt 
Views  on  this  subject  likely  to  be  influenced  by  wider  phUosopUoJ 
beliefs.    Phjrsical  theories  of  Life  quite  harmoiiioiis  with  potsibiStf 
of  d§  novo  origin.     Both  crystalline  and  liTing  matter  my  k 
supposed  to  originate  by  same  laws  as  deCermine  their  gntHk 
Whether  this  does  occur  with  living  matter  has  to  be  deteminfli ' 
by  experiment.    Only  one  mode  of  solving  the  problem.    Impart^ 
ance  of  ascertaining  limits  of '  vital  resbtance '  to  HeaL  Vitnotif* 
existing  evidence  on  this  subject.    Limits  in  dry  air,  and  limits  m 
water.     General  unanimity  as  to  destructive  influence  of  boiBaj     j 
water.    Observations  of  Pouchet,  Meunier,  Wyman,  and  li^f 
upon  the  effect  of  lower  temperatures.     Brownian  and  langdd  M 
movements.     Their  significance  and  meaning.     Occurrence  rf  «• 
production  the  surest  test  that  Bacttria  arc  living.    New  experiaats 
with  inoculated  ammoniacal  solutions.    Show  that  Avikrio^IVwi 
and  their  germs  are  killed  in  fluids  which  have  been  rtisea  to 
140*  F.    Or  by  lower  temperatures,  if  exposure  last  longer.  Ci** 
nature  of  experiments.    Almost  similar  results  with  slightly  bigM' 
organisms.    Experiments  of  Schwaxm.    Value  of  single,  prope'T 
conducted  experiment  with  positive  result.     These  obtiio^i  19 
Schwann  himself,  and  by  Pouchet,  Mantegazza,  Wyman,  and  othtf*- 
Also  by  M.  Pasteur.    Unfair  way  in  which  the  latter  argues  on  the 
subject.     Limits  of  •  vital  resistance'  said  to  be  higher  m  vff^ 
or  alkaline  than  in  acid  solutions.     M.  Pasteur's  condusioos  tf» 
assumptions. 

SCIENTIFIC  men  are  content  to  believe  that  crystals 
may  originate  without  the  aid  of  pre-cxistiog 
crystalline  matter,  and  it  will  remain  for  us,  in  sub- 
sequent chapters,  to  show  how   far  existing  evidcflcc 
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points  towards  a  similar  probability  in  the  case  of 
organisms.     There  is,  however,  an  obvious  and  fun- 
damental diflFerence  between  crystals  and  organisms, 
which  has  had  an  immense  and  quite  natural  influence 
in  aflRxting  the  opinions  entertained  as  to  the  mode 
of  origin  of  each.    Crystals  do  not  undergo  a  process 
of  <  spontaneous  division,'  and  reproduction  is  unknown 
amongst  them.    How  else  could  they  arise,  then,  save 
by  a  ^spontaneous'  collocation  of  their  atoms?    With 
organisms  and  with  living  matter,  however,  the  case  is 
itdly  di£Ferent.    These  are  dynamical  aggregates,  and 
the  possession  of  a  property  of  reproduction  is  their 
fiiodamental  characteristic.     All  the  higher  forms  with 
which  we  are  most  familiar  do  undoubtedly  derive  their 
Qrigia  from  organisms  similar  to  themselves.     Why 
then  should  the  processes  with  which  we  are  so  familiar 
in  the  many  not  be  applicable  to  all  ?    Why  should  we 
not  implicitly  believe  that  the  phrase  omne  vivum  ex 
^^M  gives  accurate  expression  to  the  law  of  nature? 
An  analogical  argument  of  so  striking  a  nature  could 
Qot  fail  to  arrest  and  enchain  the  attention  of  those 
Wfao^  for  other  reasons,  might  believe  or  wish  that  the 
dogma  were  true — notwithstanding  the  fact  that  another 
analogical  argument  speaks  almost  as  strongly  in  favour 
of  the  possibility  of  the  de  novo  origination  of  some 
organisms  as  specks  of  living  matter. 

General  beliefs  will,  then,  be  brought  to  bear  upon 
the  subject,  and  the  views  entertained  upon  this  pro- 
blem, as  to  the  mode  of  origin  of  some  organisms, 

X  2 
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will  inevitably  be  influenced  by  the  current  doctrinei 
entertained  concerning  ^  Life' — just  as  these  jiotioof^ if 
their  turn,  are  held  in  subjection  to,  and  are  made  \A 
harmonize  with,  higher  philosophical  or  religious  belief 
The  influence  of  such  general  considerations  \&  xwp 
.  mense,  and  they  are  only  too  apt,  even  unconsciously, 
to  warp  the  judgments  of  many  of  us  ia  our  attempts 
to  interpret  facts.     Then,  too,  living  things  manifcit 
such  complex  properties  that  the  whole  notion  of  Lift 
has  been  shrouded  in  mystery.     Biologists  at  first  coald 
not  bring  themselves  to  believe — ^some  cannot  do  so 
now — that  the  phenomena  which  living  things  manifest 
are  absolutely  dependent   upon  the  properties  of  the 
variously  organised  matter  entering  into  their  com- 
position.    They  were  obliged  to  have  recourse  to  some 
metaphysical  entity — some  ^anima,'  ^  archaeus,'  or 'vital 
principle' — under  whose  directing  influence  the  living 
form  was  supposed  to  be  built  up,  and   upon  whose 
persisting  influence   many  of  the  phenomena  of  Life 
were  thought  to  depend.     The  aid  of  no  similar  meta- 
physical 'principle'  has,  however,  been  deemed  necessaiy 
in  ordLT  to  account  for  crystalline  structures  and  pro- 
perties.   It  was  in  the  main  conceded  by  most  physicist 
and  the  doctrine  remained  unquestioned  by  biologists, 
that  matter  of  certain   kinds  might,  by  virtue  of  its 
own   inherent  properties,  aided   by  certain  favouring 
circumstances — and    quite   independently  of  all  pre- 
existing germs — fall  into  such  modes  of  collocation  ais 
to  give  rise  to  crystals.     But,  owing  to  the  influence  of 


THE  BEGINNINGS  OF  LIFE.  309 

^retical  considerations  already  mentioned  con- 

the  nature  of  Life,  a  similar  possibility  could 
ily  be  granted  by  many,  in  reference  to  the 
i  living  things.  Was  it  not  held  that  the  living 
ived  its  structure  or  organization  to  the  active 
:e  of  a  special  and  peculiar  principle?  This 
rinciple'  was  neither  ordinary  matter  nor  ordinary 
leither  was  it  in  any  way  derivable  from  either 

;  how  then  could  it  be  supposed  that  the  coming 
r  of  matter  of  any  kind  could  give  rise  to  a 
thing?  The  aggregate  of  properties,  which  we 
te  by  the  word  ^  Life,'  were  not  supposed  to  be 
mt  upon — to  be,  in  fact,  properties  of  the  material 
te  which  constituted  the  living  thing.  Life  was 
mI  to  be  due  to  the  manifestation  of  a  something 
ler  peculiar — of  a  'vital  principle,'  which  was 
able  from  living  matter.  Doubts,  however,  as 
TUth  of  this  doctrine  have  gradually  multiplied 
Teased  in  strength.     New  means  of  observation 

up  new  questions  for  splution,  and  the  ever- 
ing  strides  of  science  have  wrought  the  most 
lental  changes  in  our  notions  concerning  Life. 

the  influence  of  the  well-established  doctrine 
ling  Persistence  of  Force — and  more  especially 
le  clear  recognition  of  the  subordinate  doctrine 
le  Correlation  existing  between  the  Physical  and 
)rces — physiologists  have  now  begun  to  recognise, 
Dst  unhesitatingly  to  proclaim  the  opinion,  that 
^nomena  manifested  by  living  things  are  to  be 
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ascribed  simply  to  the  properties  of  the  matter  as 
exists  in  such  living  things.     No  one  has 
himself  more  decidedly  on  this  subject  than  Prof.  Huxl     ^ 
and  he   may  fairly  be  taken   as  an  exponent  of  "Kd^ 
modern  doctrines  on  this  question.   He  says  * :  '  CarlxDn, 
hydrogen,  oxygen,  and  nitrogen  are  all  lifeless  bod^e; 
Of  these,  carbon  and  oxygen  unite  in   certain  pro- 
portions and  under  certain  conditions  to  give  rise   to 
carbonic  acidj  hydrogen  and  oxygen  produce  water; 
nitrogen  and  hydrogen  give  rise  to  ammonia.    These 
new  compounds,  like  the  elementary  bodies  of  which 
they  are  composed,  are  lifeless.     But  when  they   arc 
brought  together  under  certain   conditions  they  gi^^ 
rise  to  the  still  more  complex  body,  protoplasm;  ax^^ 
this   protoplasm   exhibits  the  phenomena   of  life.       * 
see  no  break  in  this  series  of  steps  in  molecular  co^^' 
plication,  and   I  am   unable   to  understand   why    ^^ 
language  which  is  applicable  to  any  one  term  of  ^^^ 
series  may  not  be  used  to  any  of  the  others.    We  tbi^*^ 
fit  to  call  different  kinds  of  matter  carbon,  oxyg'^^ 
hydrogen,  and  nitrogen,  and  to  speak  of  the  vari^^^ 
powers  and  activities  of  these  substances  as  the  p^"^ 
perties  of  the  matter  of  which  they  are  composed.  .  -'     ' 
Is  the  case  in  any  way  changed  when  carbonic  ac*"? 
water,   and   ammonia   disappear,   and   in  their  plac:^> 
under  the  Influence  of  pre-existing  protoplasm^  an  equivalr  ^ 
weight  of  the  matter  of  life  makes  its  appearance  ?  .  —     ' 

*  Article  on  *  Protoplasm/  in  the  •  Fortnightiy  Review  '  for  Febnu*^^^ 
1869. 
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(ication  is  there,  then,  for  the  assumption 
tence  in  the  living  matter  of  a  something 
no  representative  or  correlative  in  the  not 
er  which  gave  rise  to  it  ?' 
er^s  attention  must,  therefore,  again  be  called 
t  that  our  precise  object  is  to  ascertain 
is  possible  for  the  first  particles  of  future 
er  to  come  together  de  novoj  and  in  obedience 
le  physical  influences  which  are  deemed 
)  bring  about  its  growth  or  increase^  or, 

are  to  suppose  that  the  first  particles  of  an 
annot  be  initiated  apart  from  pre-existing 
,  even  though  this  protoplasm  is  believed  by 
section  of  the  physiological  world  to  contain 
uid  peculiar  'force,'  but  to  owe  its  qualities 

the  ordinary  physical  properties  of  the 
itering  into  its  composition, 
ality  of  the  process  of  Archebiosis,  as  against 
»is  of  the  derivation  of  some  organisms 
usting  though  invisible  germs,  can  only  be 
if  it  can  be  shown  that  living  things  are  to 
1  in  the  fluids  from  hermetically-sealed  flasks 
previously  been  exposed  to  a  degree  of  heat 
>  destroy  all  pre-existing  Life.  This  is  the 
St  which  was  proposed  by  Needham  and 
,  and  which  has  been  accepted  by  all  subse- 
crs,  including  Pasteur,  as  the  only  one  which 
J  of  throwing  light  upon  the  problem^  Much 

)  one  would  suppose  this  to  be  the  case  from  the  mere 
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discussion  has  taken  place  as  to  the  means  of  closiiig 
the  flasks,  concerning  the  degree  of  heat  which  it  is 
necessary    to  employ,  and    also    as    to  whether  the 
organisms  that  have  been  found  in  such  experiments 
have  been  living  or  dead ;  but,  amidst  all  varieties  of 
opinion  with  regard  to  the  several  details,  there  has 
been  a  general  agreement  that  the  question  was  onlj 
to  be  settled  in  some  such  manner. 

The  question  as  to  the  limits  of  what  M.  Poudict 
terms  'vital  resistance'  to  heat  is  that  which  has 
excited  the  greatest  share  of  attention,  and  is  the  one 
which  is  of  most  fundamental  importance  in  this 
enquiry  ^ 

In  spite  of  the  very  definite  results,  however,  of  ex- 
periments carried  on  with  the  view  of  throwing  light 
upon  the  subject,  it  is  one  upon  which  the  opponents 
of  '  spontaneous  generation '  are  most  reluctant  to 
come  to  any  decision.  They  seem  ever  ready  to  re- 
pudiate the  validity  of  the  results  at  which  they  had 
previously  arrived,  as  soon  as  experiments  are  published 
tending  to  show  that — these  results  being  correct— or- 
ganisms  are   undoubtedly  capable  of  arising  ie  *w* 

perusal  of  Prof.  Huxley's  Inaugural  Address  before  the  British  As- 
sociation in  1870,  which  was  destined  to  enlighten  the  public  on  this 
question. 

*  One  of  the  latest  writers  on  this  subject.  Professor  Wymin*  o> 
Cambridge,  U.  S.,  says : — *  The  issue  between  the  advocates  and  the 
opponents  of  the  doctrine  in  question,  clearly  turns  on  the  extent  to 
which  it  can  be  proved  that  living  beings  resist  the  action  of  ^•atcr  at » 
high  temperature.' — American  Jinamcd  of  Science  and  Art,  Sept.  X867. . 
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kc  positive  evidence  now  existing  on  this  subject, 
i^ever,  which  may  be  considered  all  the  more  reliable 
xause  it  has  been  partly  built  up  and  confirmed  by  the 
omspermatists  themselves,  is  of  the  following  nature. 

It  has  been  established  by  most  careful  observation 
tbat  in  dry  it^  or  in  a  vacuum,  organisms  are  capable  of 
withstanding  a  notably  higher  temperature  than  when 
they  are  immersed  in  fluid.  According  to  the  direct 
observations  of  M.  Pasteur,  the  spores  of  certain  fungi 
belonging  to  the  family  Mucedlnea  seem  to  possess  this 
tenacity  of  life  to  a  very  great  extent ;  but  even  these, 
be  says,  though  they  still  remain  capable  of  germinating 
^fter  having  been  raised  for  a  few  minutes  in  dry  air 
^  «  vmcuo  to  a  temperature  of  120**  to  I25®C  (248® — 
*57*F),  lose  this  power  absolutely  and  entirely  after  an 
•^posore  for  half  an  hour,  under  similar  conditions,  to 
^  temperature  varying  from  127°  to  i3o''C  (260** — 
'Stf'F).  And  the  labours  of  the  commission  appointed 
^  i860  by  the  Society  de  Biologie  (consisting  of  the 
Allowing  members— MM.  Balbiani,  Berthelot,  Broca, 
^rown-Sequard,  Dareste,  Guillemin,  and  Ch.  Robin) 
D  enquire  into  the  subject,  led  them  to  the  conclusion 
hat  the  lower  animals  which  were  the  most  tenacious  ^ 
if  life — the  rotifers,  the  'sloths,*  and  the  anguillules 
>f  tufts  of  moss  or  lichen — succumbed  at  even  a  much 


'  This  extreme  tenacity  of  life  is  perhaps  due  in  part  to  the  chitinous 
ategument  with  which  aU  these  animals  are  provided.  It  is  certain  that 
ery  many  of  the  lower  forms,  not  so  protected,  are  destroyed  more 
asily  by  the  inflaence  of  heat  both  in  the  presence  and  in  the  absence  of 
Qoistoze. 
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lower  temperature  than  this.    In  dry  air  or  m  imm^ 
therefore,  we  may  look  upon  the  temperature  of  lyfZ 
for  thirty  minutes,  as  marking  the  extreme  limit,  so 
far  as  it  has  been  hitherto  possible  to  fix  it,  of  vital 
endurance  under  such  conditions — even  for  animals 
which  are  covered  by  a  tough  chitinous  integument 
There  is,  at  present,  no  evidence  forthcoming  to  shake 
the  validity  of  this  conclusion. 

When  immersed  in  fluids^  however,  the  power 
possessed  by  the  inferior  organisms  of  resisting  the 
destructive  influence  of  heat  is  not  nearly  so  great 
Comparatively  few,  whether  animal  or  vegetable,  are 
believed  to  be  capable  of  resisting  a  temperature  of  75" 
C  (167°  F);  and  with  regard  to  that  of  100^  C  {%n% 
it  has  been  admitted,  by  MM.  Claude  Bernard  and 
Milne-Edwards,  by  M.  Pasteur,  and  by  all  the  other 
most  influential  opponents  of  the  doctrines  of  ardl^ 
biosis  and  heterogeny,  that  such  a  temperature,  even 
for  one  minute,  has  invariably  proved  destructive  to  all 
the  lower  organisms  met  with  in  infusions  ^ — so  far  2S 

^  It  is  quite  fair  to  make  this  limitation,  since  we  are  only  coDcaMd 
■with  the  origin  of  such  organisms.    Seeds  of  higher  plants,  providw 
with  a  hard  coat,  may— especially  after  prolonged  periods  of  desiccation 
— germinate  even  after  they  have  been  boiled  for  a  long  time  in  ^tei. 
This  was  ascertained  by  M.  Pouchet  to  be  the  case  with  an  America 
species  of  Medieago.    Some  of  the  seeds  were  completely  disorganiscn 
by  the  boiling  temperature,  whilst  a  few  remained  intact,  and  it  was  these 
latter  which  were  afterwards  found  to  germinate.    They  had  been  ^ 
tected  from   the  influence  of  the  hot  water  by  their  very  dry  a** 
hardened  coats.    On  this  subject  Prof.  Jeffries  Wyman  says : — *  "Water 
penetrates  the  seeds  of  many  plants,  and  especially  of  some  of  the  Ug^ 
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se  had  been  made  the  subjects  of  special  and  direct 
erimentation.  And,  amongst  all  the  diversity  of 
n  presented  by  the  lowest  living  things,  there  is  so 
ch  of  uniformity  in  property — living  matter,  as  we 
)w  it,  agrees  in  so  many  of  its  fundamental  characters 
hat  biologists  and  chemists  alike  may  feel  a  reasonable 
irance  as  to  the  probable  universality  of  any  such 
'  which  has.  been  proved  to  hold  good  for  a  very 
e  number  of  organisms,  more  especially  when, 
►ngst  this  large  number  of  cases,  no  exceptions 
^  been  encountered. 

tactically,  however,  it  will  be  found  that,  in  order 
ippreciate  the  bearings  of  the  experiments  which 
shall  have  to  relate,  it  will  be  necessary  for  us 
e  especially  to  know  what  are  the  limits  of  vital 
stance  to  high  temperatures  possessed  by  spores  of 


w,  very  slowly ;  in  the  case  of  those  of  GUditcbia  and  Laburnum, 
ave  found  several  days  and  even  weeks  necessary  for  the  complete 
(ration  of  cold  water,  though  when  the  water  is  hot  it  penetrates 
'  more  readily.  If,  therefore,  the  seeds  are  dry  when  immersed,  and 
oiled  for  a  few  minutes  only,  they  may  still  germinate.  If  they  are 
cued  beforehand,  the  action  of  boiling  water  has  been  found 
rxnly  fatal.  In  one  of  our  experiments,  twenty-eight  seeds  of 
'cbia  were  soaked  until  their  coverings  became  soft  and  swollen ; 
alf  were  planted  at  once,  and  the  others  after  having  been  boiled 
linutes.  None  of  the  boiled  ones  germinated,  while  the  others 
Similar  experiments  with  beans  and  with  several  other  kinds  of 
ended  in  a  similar  manner.'  {Amer.  Journal  of  Science  and  Art ^ 
1867.)  All  the  organisms  in  which  we  are  interested,  at  present, 
'er,  have  no  such  protection.  These  are  mere  specks  or  masses 
otoplasm,  'which  are  either  naked,  or  provided  only  with  thin 
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Fungi  on  the  one  hand,  and  by  Bacteria  and  Vibrimm 
on  the  other. 

I  am  not  aware  of  any  experiments  tending  to  show 
that  sfores  of  Fungi  can  survive  after  exposure  for  even 
a  few  seconds  in  fluids  raised  to  the  temperature  of 
boiling  water   (ioo''C);    whilst,  on   the  other  hand, 
there  is  the  concurrent  testimony  of  many  obsen^ers 
to   the   feet  that,  after    such    exposure,   germinatioo 
would  never  take  place  because  the  spores  were  no 
longer  living  ^    This  was  the  result  obtained  in  manf 
experiments    made   by   Bulliard,  and    related   in  his 
^  Histoire    des    Champignons.'      Mere    contact  with 
boiling  water  was  found  sufficient  to  prevent  germi- 
nation; and  M.  Hoffmann*  similarly  ascertained  that 
an   exposure    for    from  four   to   ten   seconds  to  the 
influence  of   boiling   water   sufficed   to    prevent  the 
germination  of  all  the  Fungus  spores  with  which  he 
experimented.      The    experience   of    other   observers 
has  been  similar  to  that  above  quoted,  and  amongst 
these   we    may  cite   M.  Pasteur  himself.      Speaking 
of  his   experiments   with   boiled    milk   in  Schwanns 
apparatus,  M.  Pasteur  says^: — ^Je  n*ai  jamais  vu  sc 
former,  dans  le  lait  ainsi  traite  autre  chose  que  des 
Vibrions  et  des  Bacteriums,  aucune  Mucedinee^  toKt^ 

'  I  have  lately  been  informed,  however,  by  Mr.  Lowne,  that  he  ^ 
seen  a  minute  fungus  continue  to  grow,  notwithstanding  an  immersioo  d 
boiling  water  for  two  or  three  minutes.  So  far  as  I  know,  this  is  w 
altogether  unique  obser\'ation  which  stands  in  need  of  confirmation. 

■  •  Bullet,  de  la  Soc.  Bot.'  t.  viii.  p.  803. 

'  *Anxial.  de  Chim.  et  dc  Physique,*  1862,  p.  60. 


THE  BEGINNINGS  OF  LIFE,  31^7 

'^'^rulaceey  aucun  ferment  vegetal.  II  n'ya  pas  de  doutc 
luc  cela  tient  k  ce  que  les  germes  de  ces  dernieres 
wxxiuctions,  ne  peuvent  resister  a  icx)°C  au  sein  de 
.*eau,  ce  que  j^ai  d'ailleurs  constate  par  des  expe- 
"iences  directes/  Professor  Wyman  says  ^ :  — ^  We  have 
•ried  many  experiments  upon  different  kinds  of  moulds 
md  yeast  plants,  and  have  found,  as  nearly  all  ob- 
servers have,  that  they  perish  at  2i2°F.'  The  obser- 
vations of  Baron  Liebig  tend  to  show  that  they  are 
iUed  in  fluids  at  a  temperature  even  much  below 
'^i  he  says  2: — <A  temperature  of  60°  C  (i4o°F) 
ills  the  yeast  cells ;  after  exposure  to  this  temperature 
^  water  they  no  longer  undergo  fermentation,^  and  do 
K)t  cause  fermentation  in  a  sugar  solution.  ...  In 
*ke  manner,  active  fermentation  in  a  saccharine  liquid 
s  stopped  when  the  liquid  is  heated  to  6o°C,  and  it 
*0-s  not  recommence  again  on  cooling  the  liquid.' 

The  evidence  which  we  at  present  possess  concerning 
^  tenacity  of  Life  displayed  by  Bacteria  and  yihtanes 
^  fluids  whose  temperature  has  been  raised,  is  just  as 
'^isive  as  that  concerning  the  spores  of  fungi.  M. 
'^chct's  observations  led  him  to  believe  that  Vibrionesy 
'  Common  with  all  the  varieties  of  ciliated  infusoria, 
^.  killed  by  raising  the  temperature  of  the  fluid  which 
''^tains    them   to   55°  C;    M.    Victor  Meunier    also 

*  Observations  and  Experiments  on  Living  Organisms  in  Heated 
^^^r/  loc.  dt 

"t*ranslation  of  a  paper  on  *  Alcoholic  Fermentation/ in  'Pharmaccu- 
^*  Journal,'  July  30,  1870,  p.  81. 
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believed  that  none  of  these  organisms  sunrived  ato 
they  had  been  similarly  subjected  to  a  temperature  of 
do^'C;  whilst  Prof.  Wyman,  as  a  result  of  many  o^j 
periments,  always  found  that  their  movements  entire^ 
ceased  after  an  exposure  for  a  few  minutes  in  Anik 
raised  to  a  temperature  of  54*'-56*'C  (i30*-i34'l^ 
There  is  also  every  reason  to  believe,  as  I  shall  pre- 
sently attempt  to  show,  that  an  exposure  to  similar 
conditions  kills  Bacteria  as  well  as  their  less  developed 
representatives — the  primordial  plastide-partides. 

With  reference  to  Bacteria^  however,  one  cautioo 
is  necessary  to  be  borne  in  mind  by  the  experi- 
menter. Their  movements  which  they  display  maf 
be,  and  very  frequently  are,  of  two  kinds.  The  ooc 
variety  diflFers  in  no  appreciable  manner  from  the 
mere  molecular  or  Brownian  movement,  which  maf 
be  witnessed  in  similarly  minute  not-living  particles 
immersed  in  fluids  j  whilst  the  other  seems  to  be  purely 
vital — dependent  that  is  upon  their  properties  as  living 
things.  These  vital  movements  are  altogether  difercnt 
from  the  mere  dancing  oscillations  which  not-living 
particles  display :  as  may  be  seen  when  even  the  most 
minute  Bacterium  darts  about  over  comparatively  large 
areas,  so  as  frequently  to  disappear  from  the  ficU 
of  the  microscope.  After  an  infusion  which  contains 
organisms  exhibiting  these  unmistakeably  vital  move- 
ments has  been  boiled  for  a  second  or  two,  I  have 
invariably  found  that  such  movements  no  longer  occur, 
though  almost  all  the  plastide-particles  and  Bacterid  may 
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m  to  display  the  Brownian  movement  in  a  well- 
ed degree.  They  seem  to  be  reduced  by  the  shortest 
aire  to  a  temperature  of  ai3°F  to  the  condition 
ere  not-living  particles,  and  then  they  become 
cted  to  the  unimpaired  influence  of  the  physical 
itions  which  occasion  these  molecular  movements*. 
many  cases,  however,  organisms  that  are  truly 

lis  statement  concerning  the  two  kinds  of  movements  of  Bacteria 
t  power  of  boiling  water  to  arrest  only  one  of  them,  is  almost  word 
rd  what  appeared  in  •  Nature'  (No.  35,  p.  1 7i\  for  June.  1870.  I 
It  at  the  time  that  the  statement  was  new  in  certain  respects — at 
cannot  refer  to  any  similar  statement  in  the  writings  of  others 
BS  to  that  time.  I  was  somewhat  surprised,  therefore,  on 
I  the  quotation  which  is  subjoined,  to  find  that  Prof.  Huxley,  on 
3, 1870,  mentioned  such  distinctions  as  though  they  were  quite 
and  with  the  tadt  suggestion  that  I  was  unaware  of  them. 
i^  of  Bacteria,  he  says, — *  They  have  two  disfinet  kinds  of  move- 
The  very  smallest  have  merely  a  trembling  movement ;  those 
ire  doogated  oscillate  on  a  central  point  in  their  long  axis  rotating 
in  an  oblique  position.  This  is  one  kind  of  movement.  The 
ind  of  movement  is  a  darting  across  the  stage  of  the  microscope. 
Des  in  a  straight  line,  sometimes  accompanied  by  oscillations. 
gives  a  serpentine  appearance  to  the  moving  Bacterium  or  chain 
teria,  whence  the  name  Vibrio.  These  two  kinds  of  movement 
t  to  be  confounded.  They  must  be  explained  as  due  to  very 
It  causes ;  and  it  seems  to  me  that  it  is  a  confusion  of  these  two 
is  at  the  bottom  of  the  mistakes  made  in  the  nssertions  as  to  the 
1  of  Bacteria,  8cc.  after  the  application  of  very  high  temperatures.* 
Inzley  goes  on  to  say  that  the  temperature  of  boiling  water  and 
^agents  which  certainly  destroy  their  life  and  abolish  the  last 
*  movement,  does  not  put  an  end  to  the  former ;  and  then  adds — 
rhat  you  will,  however,  they  retain  their  tumhlint;  movement; 
b  is  a  very  misleading  phenomenon.*  {Quart.  Jml.  of  Micros. 
October,  1870.)  What  follows  is  certainly  a  suggestion  that  I 
en  misled  by  these  phenomena,  apparently  because  I  was  unaware 
listinction  then  pointed  out  by  Prof.  Huxley. 
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living  exhibit  only  very  languid  movements,  which, 
movements,  are  quite  indistinguishable  from  those  t 
the  same  Bacteria  may  display  when  they  are  na 
dead  ^     Because  the  movements,  therefore,  are  of  tl 
doubtful  character,  some  are  apt,  unfairly,  to  argue  tl 
the  Bacteria  which  present  them  are  not  more  livi 
than  are  the  minute  particles  of  carbon  obtained  6t 
the  flame  of  a  lamp  when  they  eidiibit  similar  moi 
ments.      This,  however,  is  a  point   of  view  whi 
becomes  obviously  misleading  if  too  much  stress  is  b 
upon  it ;  and  it  is  more  especially  so  in  this  case,  wh 
it  can  be  shown  that  Bacteria  which  display  the  nv 
characteristic  sign  of  vitality — viz.  *  spontaneous'  & 
sion    or   reproduction  —  at  this  time,   almost  alv 
exhibit   such   mere    languid    movements.      It  sf 
always  be  borne  in  mind,  in  fact,  that  mobility 
an  essential  characteristic  of  living  Bacteria^  whi 
occurrence  of  the  act  of  refroduction  is  the  most  im 
sipt  of  their  life^  so  that  any  Bacteria  which  ar^ 
motionless,  or   which   exhibit   mere  Brownia 
ments,  may  be  living,  whilst  those  which  spor 
divide  and  reproduce  are  certainly  alive — w^ 
the  kind  of  movement  which  they  present. 

*  Speaking  of  the  organisms  above  mentioned.  Prof. ' 
•  l'iu?er  certain  circumstances,  all  .w^ws  of  life  may  cease, 
may  still  be  alive.     If.  for  example,  they  are  developed 
,i>  si.H>n  as  the  organic  matter  con"vertible  into  infuse 
ihcir  activity  ceases,  and  they  remain  dormant  for  many 
kept  them  in  this  way  fvir  a  year:  but  if  fresh  material  ' 
thev  at  once  resume  their  activiiv.*    Loc.  cit. 
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may  naturally  be  asked  if  there  are  any  means  of 
ling  whether  Bacteria^  that  have  been  submitted 
given  temperature,  and  which  exhibit  movements 
mbling  those  known  as  Brownian,  are  really  dead  or 
^  If  the  movements  are  primary,  or  dependent  upon 
inherent  molecular  activity  of  the  organisms  them- 
es, they  ought,  it  might  be  argued,  to  continue  when 
molecules  of  the  fluid  are  at  rest ;  if,  on  the  other 
id,  they  are  mere  secondary  or  communicated  move- 
nts, impressed  upon  the  organisms  as  they  would 
upon  any  other  similarly  minute  particles,  by  the 
lecular  oscillations  of  the  fluid  in  which  they  are 
tained,  then  the  movements  ought  to  grow  less,  and 
lually  cease,  as  the  fluid  approaches  a  state  of 
ecular  rest — if  this  be  attainable.  Following  out 
idea,  some  months  ago,  I  first  tested  the  correct- 
I  of  the  assumption  by  experimenting  with  fluids 
aining  various  kinds  of  not-living  particles;  such 
arbon-particles  from  the  flame  of  a  lamp,  or  freshly 
ipitated  baric  sulphate.  However  perfect  may  have 
\  the  Brownian  movements  when  portions  of  these 
s  were  first  examined  beneath  a  covering-glass, 
always  gradually  diminished  after  the  specimen 
been  mounted  by  surrounding  the  covering-glass 
1  some  cement  or  varnish.  Thus  prepared,  no  eva- 
tion  could  take  place  from  the  thin  film  of  fluid, 
after  one,  three,  four,  or  more  hours — the  slide  rc- 
ling  undisturbed — most  of  the  particles  had  sub- 
1,  and  were  found  to  have  come  to  a  state  of  rest. 
>L.  I.  y 
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In  order  still  further  to  test  these  views,  I  took  ^ 
infusion  of  turnip,  containing  a  multitude  of  BscUrt^ 
whose  movements  were  of  the  languid  description,  aO» 
divided  it  into  two  portions.  One  of  these  portio 
was  boiled  for  about  one  minute,  whilst  the  other 
not  interfered  with.  After  the  boiled  solution  had 
cooled,  a  drop  was  taken  from  each  and  these  were  plac^^ 
at  some  little  distance  from  one  another  on  the 
glass-slip;  covering-glasses  half  an  inch  in  diamcC: 
were  laid  on,  and  the  superfluous  fluid  from  benca/*" 
each  of  them  was  removed  by  blotting-paper.  Wb^^^ 
only  the  thinnest  film  of  fluid  was  lefl,  the  coverio^' 
glasses  were  surrounded  by  a  thick,  quickly-dryi^^ 
cement  ^  Examined  with  the  microscope  immediate-*? 
afterwards,  it  was  generally  found  that  the 
which  had  been  boiled  presented  a  shrunken 
shrivelled  aspect — whilst  some  of  them  were  more 
less  disintegrated — though,  as  far  as  movement  w 
concerned,  there  was  little  to  distinguish  that  whi 
they  manifested  from  the  slight  oscillations  of  th 
unboiled  and  plumper-looking  relatives. 

If  the  specimens  were  examined  again  after  twent^:^ 
four  or  more  hours,  there  was  still  very  little  diflFeren  -^ 
perceptible  between  them  as  regards  their  movemen 
And  the  same  was  the  case  when  the  specimens  W( 
examined  after  a  lapse  of  some  days  or  weeks.    O  " 

*  I  always  employ  a  solution  of  gum  mastic  and  bismuth  in  chl*^ 
form.  If  a  different  varnish  be  employed,  it  is  of  course  neccssar^r 
ascertain  that  its  application  is  not  injurious  to  the  enclosed  Bacttrur-  -^ 


THE  BEGINNINGS  Of  LIFE.  323 

iportant  difference  does,  however,  soon  become  ob- 
oas.  The  BacterU  which  have  not  been  boiled, 
udergo  a  most  unmistakeable  increase  within  their 
nprisoned  habitat;  whilst  those  which  have  been 
oikd,  do  not  increase.  The  two  films  may  be  almost 
okxirless  at  first  (if  the  Bacteria  are  not  very  abundant), 
Hit  after  a  few  days,  that  composed  of  unboiled  fluid 
Kgins  to  show  an  obvious  and  increasing  cloudiness, 
ihich  is  never  manifested  by  the  other.  Microsco- 
pical examination  shows  that  this  cloudiness  is  due  to 
itprc^Kxtionate  increase  in  the  number  of  Bacteria. 

Is  the  continuance  of  the  movements  of  the  or- 
S^Qisms  which  had  been  boiled  attributable  to  their 
extreme  li^tness,  and  to  the  slight  difference  between 
hoi  specific  gravity  and  that  of  the  fluid  in  which 
hey  are  immersed  ?  I  soon  became  convinced  that 
iis  was  one,  if  not  the  chief  reason,  when  I  found 
^t  Bacteria  which  had  been  submitted  to  very  much 
igher  temperatures,  behaved  in  precisely  the  same 
anner  as  those  which  had  been  merely  boiled;  and 
at  other  indubitably  dead  particles  which  chanced  to 
LVe  a  similar  specific  lightness,  also  continued  to  exhibit 
eir  Brownian  movements  for  days  and  weeks.  This 
IS  the  case  more  especially  with  the  minute  fat 
rtides  in  a  mounted  specimen  of  boiled  milk  \  and 

'  If  an  unboiled  specimen  of  milk  be  mounted,  a  multiplication  of 
ing  particles  (spherical)  takes  place  here  and  there  amongst  the  fnt 
ibnles,  just  as  the  multiplication  of  Bacteria  occurs  in  a  vegetable 
oaon.  In  a  boiled  specimen,  however,  no  trace  of  such  multiplication 
1  be  detected. 

Y  2 
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also  with  very  minute  particles  which  were  gradualif 
precipitated  from  a  hay  infusion  that  had  been  beatd 
to  302°  F  for  four  hours  ^    Trials  with  many  dificrtflt 
substances,  indeed,  after  a  time  convinced  me  that  tbe 
most  rapid  cessation  of  Brownian  movements  in  sta- 
tionary   films,    occurred    where    the    particles  were 
relatively  heavy  or  large;  and  that  the  duration  of  the 
movement  was  more  and  more  prolonged,  as  the  par- 
ticles experimented  with  were  lighter  or  more  minute*. 
So  that,  when  we  have  to  do  with  Bacteria^  the  minute 
oil  globules  of  milk,  or  with  other  similarly  light  par- 
ticles, the  movements  continue  for  an  indefinite  time, 
and  are,  in  part,   mere  exponents  of  the  molecular 
unrest  of  the  fluid.     They  are  always  capable  of  being 
increased  or  renewed  by  the  incidence  of  heat  or  other 
disturbing  agencies. 

In  respect  of  the  movements  which  they  may  exhibit, 
therefore,  really  living,  though  languid.  Bacterid  cannot 
always  be  discriminated  from  dead  Bacteria.  Both  may 
only  display  mere  Brownian  movements^. 

*  Those  of  the  light  particles  which  come  to  rest,  in  sndi  cases,  vt 
always  in  contact  with  one  or  other  of  the  contiguous  surfaces  of  gi** 

^  The  specific  gravity  of  the  fluid  being  constant.  Where  this  is  d<^ 
or  viscid,  as  with  glycerine,  Brownian  movements  do  not  occur  at  all. 

'  That  absence  of  even  customary  movements  is  no  certain  indication 
of  the  non-existence  of  *  Life/  is  admitted  by  most  biologists.  The 
Rev.  M.  J.  Berkeley  {Cryptogttmie  Botany,  1857,  p.  91)  says:— '^^^ 
curious  in  two  such  closely-allied  alg«  as  Vaucheria  seuilis  and  V.dstt^ 
to  find  the  fruit  so  very  different.  The  spore  of  the  former  is  perfWlj 
inactive,  while  that  of  the  latter  revolves  by  means  of  delicate  cilia 
covering  its  whole  surface.  It  is  clear,  then,  that  wc  must  not,  in  these 
lower  cryptogams,  attach  too  much  importance  to  motion.' 
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Altiaough  the  movements  of  Bacterim  are,  therefore, 

E^cquently  of  so  extensive  a  nature  as  to  render  it  not 

It  all  doubtful  whether  the  organisms  which  display 

them  are  living,  it  becomes  obvious  that  we  ought  not 

to  rdy  too  strongly  upon  the  mere  vibratory  character 

of  tiieir  movements,  as  evidence  of  the  death  of  Bacteria, 

In  the  experiments  which  I  am  about  to  relate,  we  shall 

be  able  to  pronounce  that  the  Bacteria  are  living  or  dead, 

bjr  reference  to  the  continuance  or  cessation  of  a  much 

QKire  essentially  vital  characteristic.     If  Bacteria  fail 

to  multiply  in  a  suitable  fluid,  and  under  suitable  con- 

<iitioQS,  we  have  the  best  proof  that  can  be  obtained 

of  their  death. 

Having  made  many  experiments  with  solutions  of 
^Qimonic  tartrate  and  sodic  phosphate,  I  have  almost 
Invariably  observed  that  such  solutions — when  exposed 
^  the  air  without  having  been  boiled — become  turbid 

• 

*^  the  course  of  a  few  days  owing  to  the  presence  of 
Myriads  of  Bacteria  and  Vilfriames^  with  some  ToruU. 
tliese  organisms  seem  to  appear  and  multiply  in  such 
i  solution  almost  as  readily  as  they  do  in  an  organic 
nfijsion.  On  the  other  hand,  having  frequently  boiled 
;imilar  solutions,  and  closed  the  flasks  during  ebullition, 
have  invariably  found,  on  subsequent  examination 
>f  these  fluids,  that  whatever  else  may  have  been  met 
eith.  Bacteria  and  FiMomes  were  always  absent.  The 
li£Ference  was  most  notable,  and  it  seemed  only  intel- 
igible  on  the  supposition  that  any  living  Bacteria  or 
lead    ferments  which  may  have    pre-existed  in  the 
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solution,  were  deprived  of  their  virtues  by  the  pre- 
liminary boiling.     These  experiments  also  seemed  to 
show  that  such  solutions,  after  having  been  boiled,  an^ 
shut  up  in  hermetically-sealed  flasks  from  which  ^ 
air  had  been  expelled,  were  quite  incapable  of  giviog 
birth  to  Bacteria.     The  unboiled  fluid,  exposed  to  tl^^ 
air,  must  have  become  turbid,  either  merely  because 
it  was  capable  of  nourishing  living  Bacteria  which    ^ 
contained,  or  else  because  it  was  capable  of  evolvi«3^8 
these   de  novo,  under  the    influence  of   fermentati"*''^ 
particles  whose  activity  had  not  been  destroyed  by  he^-"^* 
Hence,  in  such  a  solution  we  have  a  fluid  which      ^ 
eminently  suitable  for  testing  the  vital  resistance    ^^^ 
Bacteria, — one  which,  although  quite  capable  of  nouris 
ing  and  favouring  their  reproduction^  does  not  appe 
capable  of  evolving  them,  when,  after  previous  ebul 
tion,  it  is  enclosed  in  airless  and  hermetically-seal< 
flasks. 

Three   flasks  were,  therefore,   half  filled   with   t 
solution  ^     The  neck  of  the  first  {a)  was  allowed 
remain  open,  and  no  addition  was  made  to  the  flu 
To  the  second   (^),  after  it  had  been  boiled  and 
become  cool,  was  added  half  a   minim  of  a  simil 
saline  solution,  which  had  been  previously  exposed 
the   air,  and   which   was  quite   turbid   with 
ViMones,  and  ToruU.   From  this  flask — after  its  inoci=^ — ^/a 
tion  with  the  living  organisms — ^the  air  was  exhaust  ^^^ 

*  In  the  proportion  of  ten  grains  of  neutnd  ammonic  tartnite,    "^th 
three  grains  of  neutral  sodic  phosphate,  to  an  oonoe  of  distilled 
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]  msans  of  an  air-pump,  and  its  neck  was  hermeti- 
ally  sealed  during  the  ebullition  of  the  fluid,  without 
be  flask  and  its  contents  having  been  exposed   to 
it  heat  of  more  than  ^-fY.    The  third  flask  (c)  was 
dmjlarly  inoculated   with   living  Bacteria^  though  its 
ooQtents  were  boiled  for  ten  minutes  (at  3i3°F),  and 
its  neck  was  hermetically  sealed  during  ebullition.    The 
icsults  were  as  follows : — the  solution  in  the  first  flask 
(«),  became  turbid  in  four  or  five  days;  the  solution 
in  the  second  (b)y  became  turbid  after  thirty-six  hours ; 
rtilst  that   in  the  third  flask  (r),  remained  perfectly 
dear.     This  latter  flask  was  opened  on  the  twelfth 
ty,  whilst  its  contents  were  still  clear,  and  on  micro- 
scopical examination   of  the  fluid  no  living  Bacteria 
^fxt  to  be  found.     This  particular  experiment  was 
'repeated  three  times,  with  similarly  negative  results, 
^though  on  two  occasions  the  fluid  was  only  boiled 
^  one  instead  of  ten  minutes. 

It  seemed,  moreover,  that  by  having  recourse  to 
Experiments  of  the  same  kind,  the  exact  degree  of  heat 
Which  is  fatal  to  Bacteria  and  Toruljt  might  be  ascer- 
tained. I  accordingly  endeavoured  to  determine  this 
point.  Portions  of  the  same  saline  solution,  after  having 
been  boiled  ^  and  then  cooled,  were  similarly  inoculated 

'  It  was  necessary  to  boil  the  solution  first,  in  order  to  destroy  any 
limg  things  or  dead  ferments  which  it  might  contain.  As  before 
stated,  it  must  contain  one  or  the  other  of  these,  because  an  unboiled 
iolntion  of  this  kind,  in  a  corked  bottle  about  half  full,  will  always 
become  turbid;  whilst,  after  it  has  been  boiled,  it  may  be  kept  inde- 
finitely nnder  similar  conditions  without  becoming  turbid. 
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with  a  drop  ^  of  very  turbid  fluid,  containing  hundredi 
of  living  Bacteria^  Vtbriofus^  and  Tarula.    A  drying  appa- 
ratus was  fixed  to  an  air-pump,  and  the  flask  containiif 
the  inoculated  fluid  was  securely  connected  with  tie 
former  by  means  of  a  piece  of  tight  india-rubber  tub|{ig*, 
after  its  neck  had  been  drawn  out  and  narrowed,  at 
about  two  inches  from  the  extremity.     The  flask  con- 
taining the  inoculated  fluid  was  then  allowed  to  dip 
into  a  beaker  holdii^  water  at  12Z'°F,  in  wfaidi  a 
thermometer  was  immersed.    The  temperature  of  the 
fluid  was  maintained  at  this  point  for  fifteen  minutes', 
by  means  of  a  spirit-lamp  beneath  the  beaker.   The 
air  was  then  exhausted  from  the  flask  by  means  of  the 
pump,  till  the  fluid  began  to  boil ;  ebullition  was  allowed 
to  continue  for  a  minute  or  two,  so  as  to  expel  as  mod 
air  as  possible  from  the  flask,  and  then,  during  its  con- 
tinuance, the  narrowed  neck  of  the  flask  was  hermeti- 
cally sealed  by  means  of  a  spirit-lamp  flame  and  a 
blow-pipe.   Other  flasks  were  similarly  prepared,  except 
that  they  were  exposed  to  successively  higher  degrees 
of  heat — ^the  fluid  being  boiled  oflF,  in  different  cases, 
at  temperatures  of  131°,  140%  149°,  158%  and  167"?' 
All  the  flasks  being  similarly  inoculated  with  living 

*  The  proportion  was  one  drop  of  the  fluid,  opaque  with  organiso^ 
to  an  ounce  of  the  dear  solution. 

•  Into  which  a  piece  of  ghiss  tube  had  been  slipped  to  prevent 
collapse. 

'  Allowing  even  five  minutes  for  the  temperature  of  the  i  oz.  of  ^ 
to  become  equal  to  that  of  the  bath,  it  would  have  remained  c3qK>sed 
to  this  amount  of  heat  for  about  ten  minutes. 
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KierU,  yUriomeSy  and  ToruU^  and  similarly  sealed  during 
Mllition,  they  differed  from  one  another  only  in 
e^ect  to  the  degree  of  heat  to  which  they  had  been 
nixnitted.  Their  bulbs  were  subsequently  placed  in  a 
vater  bath,  which  during  both  day  and  night  was 
maintained  at  a  temperature  of  from  85«>  to  95**  F. 
The  results  have  been  as  follows : — The  flasks  whose 
ooQtents  had  been  heated  to  122''  and  i3i°F  rc- 
IMively,  began  to  eidiibit  a  bluish  tinge  in  the 
contained  fluid  after  the  first  or  second  day ;  and  after 
wo  or  three  more  days,  the  fluid  in  each  became  quite 
urbid  and  opaque,  owing  to  the  presence  and  multi- 
plication of  myriads  of  Bacteria^  ViMones^  and  TcruU  j 
lie  fluids  in  the  flasks,  however,  which  had  been  ex- 
oscd  to  the  higher  temperature  of  140°,  149°,  158% 
od  i67°F,  showed  not  the  slightest  trace  of  turbidity, 
od  no  diminution  in  the  clearness  of  the  fluid  while 
*cy  were  kept  under  observation — that  is,  for  a  period 
'  twelve  or  fourteen  days. 

The  conditions  under  which  these  experiments  were 
ide  being  in  every  way  similar,  except  as  regards 
-  degree  of  heat  to  which  the  inoculated  fluids  were 
ejected,  and  the  organisms  being  immersed  in  a  fluid, 
ich  had  been  proved  to  be  eminently  suitable  for 
^ir  growth  and  multiplication,  it  seems  only  possible 
suppose  that  the  difference  in  the  results  had  to  do 
ii  the  difference  in  the  degree  of  heat.  If  such 
KHilated  fluids  after  having  been  raised  to  122°  and 
i**F  for  ten  minutes,  are  found  in  the  course  of  a 
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few  days  to  become  turbid,  then,  obviously^  the  or-  j 
ganisms  cannot  have  been  killed  by  this  degree  of  heat; 
whilst,  if  similar  fluids,  similarly  inoculated,  which  have 
been  raised  to  temperatures  of  140%  149%  158*",  and 
i67°F,  remain  sterile,  such  sterility  can  only  be  ex- 
plained by  the  supposition  that  the  inoculated  organisms 
had  been  killed  by  exposure  to  these  temperatures'. 

Some  of  these  experiments  have  been  repeated  several 
times  with  the  same  results.  On  three  occasions,  I  have 
found  the  fluid  speedily  become  turbid  which  had  only 
been  exposed  to  i3i*'F  for  ten  minutes,  whilst  on  three 
other  occasions  I  have  found  the  inoculated  fluid  remaifl 
clear  after  it  had  been  exposed  to  a  heat  of  140'F 
for  ten  minutes  2. 

Wishing  to  ascertain  what  diflference  would  be 
manifested  if  the  inoculated  fluids  were  exposed  for  a 
very  long  time,  instead  of  for  ten  minutes  only,  to 
certain  temperatures,  I  prepared  three  flasks  in  the 
same  manner — each  containing  some  of  the  previously 
boiled  solution,  which,  when  cold,  had  been  inoculated 

*  More  especially  since  the  fluids  which  had  remained  sterile  wonld 
always,  in  the  course  of  thirty-six  or  forty-eight  hours  after  inocuUtioB 
w  ith  living  Bacteria,  show  signs  of  an  increasing  turbidity. 

'-'  That  the  organisms  in  question — being  minute  portions  of  nakcdliving 
matter— should  be  killed  by  exposure  to  the  influence  of  a  fluid  at  th^ 
temperatures,  will  perhaps  not  seem  very  improbable  to  those  who  haTe 
experienced  its  effects  by  attempting  to  keep  their  fingers  for  any  Iwg^ 
of  time  in  water  heated  to  a  similar  extent.  With  watch  in  hand  1  un* 
mersed  my  fingers  in  one  of  the  experimental  beakers  containing  water 
at  i3i^F.  and  found  that  in  spite  of  my  desires  they  were  hastily  wi*"* 
drawn,  after  an  exposure  of  less  than  Jive-and-twinty  seconds. 
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ith  living  Bacteria^  Vihlmes^  and  TaruU.    These  flasks 
ad  their  contents  were  then  submitted  to  the  influence 
( the  following  conditions: — One  of  them  was  heated  for 
I  few  minutes  in  a  beaker  containing  water  at  ii3°F, 
and  then  by  means  of  the  air-pump  a  partial  vacuum 
was  procured,  till  the  fluid  began  to  boil.     After  tiie 
ranainder  of  the  air  had  been  expelled  by  the  ebullition 
of  the  fluid,  the  neck  of  the   flask  was   hermetically 
sealed,  and  the  flask  itself  was  subsequently  immersed 
in  the  water  of  the  beaker,  which  was  kept  for  four 
'K)urs  at  a  temperature  between  113°  and  ii8}"F^ 
^iJc  two  other  flasks  similarly  prepared  were  kept  at 
^temperature  of  ii8.J'^-i27J'*F  for  four  hours.     In  two 
^fays,  the  fluid  in  the  first  flask  became  slightly  turbid, 
whilst  in  two  days  more  the  turbidity  was  most  marked. 
The  fluids  in  the  two  other  flasks,  which  had  been 
'Xposed  to  the  temperature  of  1 18 J*'- 12 7. J- F  for  four 
K)urs,  remained  quite  clear  and  unaltered  during  the 
Welve  days  in  which  they  were  kept  in  the  warm  bath 
^dcr  observation.    These  experiments  seem  to  show, 
hercfore,  that  the  prolongation  of  the  period  of  ex- 
posure from  ten  minutes  to  four  hours  suffices  to  lower 
he  vital  resistance  to  heat  of  Bacteria  and  ToruU  by 
:2j«-i8^F. 

Such  experiments  would  seem  to  be  most  important 
ind  crucial  in  their  nature.  They  may  be  considered 
o  settle  the  question  as  to  the  vital  resistance  of  these 

^  Daring  nearly  the  whole  of  the  time  the  temperature  was  kept  at 
[|3*F.    It  only  rose  to  the  higher  temperature  for  about  ten  minutes. 
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particular  BactertMy  whilst  other  evidence  points  C(fr 
clusively  in  the  direction  that  all  Bacteria^  whencesoener 
they  have  been  derived,  possess  essentially  similar  vital 
endowments^.     Seeing  also  that  the   solutions  haft  ; 
been  inoculated  with  a  drop  of  a  fluid  in  which  BdOnu^ 
ViMcneSy  and  Tar  la  are  multiplying  rapidly,  wc  mast 
suppose  that  they  are  multiplying  in  their  accustomed 
manner — ^as  much  by  the  known  method  of  fission  as 
by  any  unknown  and  assumed  method  of  reproductioo* 
In  such  a  fluid,  at  all  events,  there  would  be  all  the 
kinds  of  reproductive  elements  common  to  BKUni^ 
whether  visible   or  invisible,  and   these  would  hare 
been  alike  subjected  to  the  influence  of  the  same  tem- 
perature.   These  experiments  seem  to  show,  thercfbre, 
that  even  if  Bacterta  do  multiply  by  means  of  invisible 
gemmules  as  well  as  by  the  known  process  of  fission, 

*  The  Bacteria  and  Vihriones  with  which  Prof.  Wyman  expcrimoted 
were  derived  from  different  sources ;  and  so  far  as  I,  also,  have  bea 
able  to  ascertain,  the  Bacteria  of  different  fluids  are  similarly  affected 
by  exposure  to  similar  degrees  of  heat.     Thus,  if  on  the  same  slip, 
though  imder  different  covering  glasses,  specimens  of  a  hay  xsJnss^ 
turbid  with  Bacteria^  are  mounted,  (a)  without  being  heated,  (i)  ^ 
the  fluid  has  been  raised  to  I33''^F  for  ten  minutes,  and  (c)  after  the 
fluid  has  been  heated  to  I40°F  for  ten  minutes,  it  will  be  found  that, 
in  the  course  of  a  few  days,  the  Bacteria  under  a  and  6  have  notahlj 
increased  in  quantity,  whilst  those  under  c  do  not  become  more  nomeroas, 
however  long  the  slide  is  kept.    Facts  of  the  same  kind  are  observtlik 
if  a  turnip  infusion,  containing  living  Bacteria,  is  experimented  with; 
and  the  phenomena  are  in  no  way  different  if  a  solution  of  ammonic 
tartrate  and  sodic  phosphate  (containing  Bacteria)  be  employed  insteid 
of  one  of  these  vegetable  infusions.    The  multiplication  of  the  Baettrk 
beneath  the  covering-glass,  when  it  occurs,  is  soon  rendered  obvious, 
even  to  the  naked  eye,  by  the  increasing  cloudiness  of  the  film. 
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kdi  invisible  particles  possess  no  higher  power  of 
easting  the  destructive  influence  of  heat  than  the 
arent  Bacterid  themselves  possess — a  result  which  is 
By  no  means  surprising  when  we  consider  that  these 
pommies,  however  minute,  could  only  be  portions  of  a 
tiinilar  homogeneous  living  matter,  and  ought  therefore 
to  be  endowed  with  like  properties.  » 

The  results  just  recorded  seem  all  the  more  trust- 
worthy also,  because  they  are  confirmed  by  the  ex- 
periments of  M.  Pouchet*,  myself,  and  others,  upon 
4c  d^ee  of  ^  vital  resistance*  to  heat  manifested  by 
'Stther  higher  organisms,  which,  on  account  of  their 
^  much  greater  size  and  other  peculiarities,  easily 
Enable  the  microscopist  to  decide  whether  they  are 
iving  or  dead.  My  observations  accord  very  closely 
^th  those  of  M.  Pouchet ;  and  I  have  found  that  an 
iposure  to  a  temperature  of  i3i°F  for  five  minutes 
Iways  suffices  to  destroy  all  reliable  signs  of  life  in 
\aiaSax.y  Monads,  Chlamydomonads,  Euglenac,  Desmids, 
orticellae:,  and  all  other  Ciliated  Infusoria  which  were 
bserved,  as  well  as  in  free  Nematoids,  Rotifers,  and 
hex  organisms  contained  in  the  fluids  which  had  been 
!ated^ 

>  'Nonvelles  Experiences,'  &c.  1R64,  p.  38. 

'  In  opposition  to  all  this  concurrent  testimony  as  to  the  influence 
comparatively  low  temperatures  upon  the  lower  forms  of  life,  Mr. 
mnelson  {Quwrt&ly  Jfmmal  of  Science,  Oct.  1870,  p.  490)  desires  to 
press  tis  with  the  idea  that  they  are  capable  of  resisting  a  very  high 
gree  of  heat  The  evidence  which  he  adduces,  however,  is  quite 
idcqnjite  to  establish  the  truth  of  such  a  conclusion.    Having  heated 
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Such  is  the  evidence  concerning  the  power  fi 
resisting  the  destructive  influence  of  beat,  manifested 
by  the  organisms  about  which  we  are  at  present  most 


some  '  dry  dust  in  an  open  tube  to  480^0 '  (the  mode  of  cstinwring  the 
heat  not  being  stated),  after  it  had  cooled  distilled  water  was  added  vl 
the  mixture  was  boiled  for  a  few  minutes.    The  tube  oontainiag  dui 
wa9  closed  with  a  stopper  of  cotton  wool,  and  then,  on  the  same  cici* 
ing«  again  opened  to  the  air,  whilst  some  of  the  fluid  was  poured  wUi 
another  tube  which  was  afterwards  plugged  with  cotton  wooL  Theeftct 
of  the  high  temperature  was  thus  cancelled  by  the  subsequent  additioi 
of  distilled  water ;  and  the  effects  of  the  boiling  of  this  mixture  *te 
a  few  minutes'  was  subsequently  rendered  nugatory,  so  far  as  all  strict 
experimentation  is  concerned,  by  its  exposure  to  the  air  whilst  it  vti 
poured  into  the  new  vessel.    Such  evidence  is  wholly  incooclasife  ad 
even  inadmissible.    What  has  lately  been  honoured  by  admissioot  i> 
detail,  into  a  recent  nimiber  of  the  *  Proceedings  of  the  Royal  Sodrty' 
(vol.  xix.  No.  128),  is  not  much  more  cogent  in  its  nature.    Inapipff 
on  the  *  Action  of  Heat  on  Protoplasmic  Life,*  Dr.  Craoe-Calvert  asKits 
that  certain  *  black  Vibrios,'  not  commonly  known  to  naturalists,  iwi 
other  ordinary  Vibrios,  are  capable  of  resisting  the  influence  <rf  flo^ 
heated  to  300 '  F  for  half  an  hour.     The  conclusion  that  the  oigaoKBS 
were  living  or  dead  in  the  several  experiments,  was  based  apptitstly 
upon  the  mere  presence  or  absence  of  slight  movements  tH  t-^f^ 
progressive  nature,  whilst  no  details  are  given  as  to  the  conditMOS  of 
observation.    In  opposition  to  the  statements  and  experiments  of  Dr- 
Crace-Calvert,  it  may  be  well  to  call  his  attention  to  the  fiMA(ofwhick 
he  is  apparently  unaware)  that  MM.  Milne-Edwards,  Claude  Bemaid. 
Pasteur,  Professor  Huxley,  and  many  others  who  cannot  be  ringw 
in  the  category  of  '  investigators  of  germ-life  who  favour  the  theory  o» 
spontaneous  generation,'  have  most  deliberately  given  their  assent,  based 
upon  experiment  and  observation,  to  the  view  that  the  lowest  forms  of 
life  are  killed  by  contact  for  a  very  short  period  with  boiling  crater. 
'1  !ie  truth  of  this  conclusion  has  been  again,  of  late,  ratified  by  Df> 
Jyurdon  Sanderson — as  I  ascertain  from  a  revise  (with  which  he  has  kindly 
furnished  me)  of  a  paper  entitled  •  Further  Report  of  Researdies  coo* 
ccming  Contagion,*  shortly  to  appear  in  the  Ihirtcenth  Report  of  the 
Medical  Officer  of  the  Privy  Council. 
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crested.  It  will  be  found  quite  harmonious  with  our 
Lnary  every-day  experience,  and  should,  therefore,  not 
reiy  difficult  for  us  to  believe  ^     An  embryo  of  one  of 

It  is,  moreover,  not  in  the  least  at  variance,  as  some  seem  to 
pose,  with  the  facts  at  present  known  concerning  the  power  which 
Kmdividiiais  have  displayed  of  braving  the  influence  of  hot  dry  air  for 
7  short  periods,  either  for  the  purposes  of  experiment  or  in  Turkish 
lbs.  When  such  comparisons  are  made,  two  points — frequently  lost 
)X  of— should  always  be  borne  in  mind.  In  the  first  phice,  there  is 
try  great  difference  between  the  destructive  influence  of  hot  dry  air 
d  bot  wattr;  and  in  the  second  place,  highly  organized  warm-blooded 
rtdxite  animals  are  protected,  as  it  were,  from  the  destructive  in- 
noe  of  hot  dry  air,  for  short  periods,  by  certain  counteracting 
nweaa  produced  by  the  heat  itself.  On  this  subject,  in  one  of 
f  icoent  and  most  valuable  text-books  on  Ph>'siology,  Prof.  Marshall 
1:— *The  chief  means  of  maintaining  the  normal  temperature  of 
•  body,  in  hot  climates,  consists  in  a  large  increase  in  the  amount 
tbe  water  exhaled  from  the  surface  of  the  lungs  and  of  the  skin, 
ecially,  however,  from  the  latter.  The  skin  becomes  bathed 
b  fluid,  the  evaporation  of  which  at  the  high  temperature  of  the 
^  and  of  the  surrounding  air,  occasions  a  loss  of  heat  and  a 
action  in  the  temperature  of  the  evaporating  surface.  The  cflect 
edndng  the  temperature  of  the  body  is  greater  if  the  atmosphere  be 
as  well  as  warm,  and  then  also  if  it  be  in  motion  :  these  conditions 
lor  cutaneous  exhalation  and  evaporation.  .  .  .  The  increased  per- 
ation  excited  by  the  great  heat  of  the  skin,  furnishes,  for  a  certain 
i,  sufficient  material  for  evaporation.  There  is  a  limit,  however,  to 
amount  of  this  excretion,  and  also  to  its  rapidity  of  evaporation  ; 
when  the  surrounding  air  becomes  moist,  a  check  being  put  to  the 
K>ratiOb,  the  body  is  no  longer  thus  defended,  and  its  temperature 
US  to  rise.  Thus  in  a  room,  the  temperature  of  A^hich  was  260  F, 
the  air  dry,  it  was  found  possible  to  remain  for  eight  minutes, 
rhidi  time  the  body  was  not  much  altered  in  temperature,  although 
clothes  and  other  articles  in  the  room  became  ver>'  hot  vBlagcIeii 
Banks).  A  case  is  on  record  of  a  person  remaining  ten  minutes 
dry  hot-air  bath  at  284^;  whilst  Chabert,  the  so-called  fire-king, 
t  into  ovens  heated  from  400°  to  600'' ;  but,  of  course,  for  a  mucb 
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the  hip;her  animals  whilst  still  contained  within  its^- 
may  fairly  enough  be  compared  with  the  lower  org^  ^^ 
isms  of  which  we  have  been  speaking,  in  respect  to  ^^^^^i^      ^ 
quality  of  the  matter  of  which  they  are  composed;  ai^    ,^ 
knowing  the  profoundly  modifying  influence  of  wat^^    ^, 
at  a  temperature  of  ai2°F  upon  the  comparatively  ^°^^^ 
differentiated  matter  of  the  embryo  in  the  egg— anc^       ^ 
also,  we  may  add,  even  upon  the  differentiated  tissue 
of  the  parent  fish  or  fowl — need  we  wonder  much  thatf' 
the  same  temperature  should  have  been  hitherto  founc 
to  be  destructive  to  the  simple  and  naked  living  matter^ '^ 
entering  into  the  composition  of  Bacteria  and  Vtbrimus^"^^^^ 
and  to  the  almost  naked  living  matter  of  Fiwr^x-sporesr?  ^- 
If  any  other  result  had  been  ascertained,  would  thcre^*^  — 

shorter  period.    Many  workmen  employed  in  foundries  and  glass-worfc^"^*^**" 

also  withstand  very  high  temperatures,  the  skin  being  profasdy 

with  perspiration ;  these  men  of  necessity  drink  large  quantities  of  I 

Wlien,  however,  the  air  is  moist  as  well  as  hot,  the  temperatare  th^  tm  Xt/ 

can  be  endured  is  much  less ;  for,  in  a  vapour  bath,  at  a  temperatme  ^        of 

only  1 2o^  the  body  rapidly  gains  heat,  as  much  as  70^  in  ten  minute 

and  a  feeling  of  g^eat   and  insupportable  discomfort  is 

(Berger  and  De  la  Roche).     It  is  said,  however,  that  from  habit 

Finns  can  withstand,  for  upwards  of  half  an  hour,  moist  air  or 

baths  gradually  raised  to  158°,  or  even  to  167V    {Oudines  t^Phytkiogy,  C 

Human  and  Comparative,  1867,  vol.  ii.  p.  51 1.)     As  soon,  indeed,  as  tSf  .<^ 

temperature  of  the  warm-blooded  animal,  as  a  whole,  b  raised  to  no*. 

1 1 2°F,  it  speedily  dies ;  the  length  of  time,  therefore,  which  it  am  beir  ^ 

exposure  to  higher  temperatures  is  almost  wholly  dependent  upon  the  "^ 

freedom  and  rapidity  with  which  evaporation  of  its  fluids  takes  place.  Va 

Minute  particles  or  specks  of  naked  living  matter  cannot  a^mil  then^  -;: 

selves  of  such  antagonising  influences,  and  even  if  they  had  any  sdf- 

protecting  resources  of  this  kind,  they  would  be  of  little  or  no  service 

in  an  atmosphere  saturated  with  hot  \'apour,  and  of  stiU  less  avail  when 

the  living  particles  were  immersed  in  heated  fluids. 
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;  been  much  more  reason  for  surprise?  We 
erefbre  to  be  very  cautious  how  we  attempt  to 
\  the  conclusions  which  have  been  arrived  at 
abject — founded  as  they  have  been  upon  direct 
of  a  most  positive  character, 
this  basis  we  may  now  proceed  to  enquire  into 
re  and  results  of  the  experiments  which  have 
dtuted  with  the  view  of  throwing  light  upon  the 
'  BMteria  and  other  similarly  low  organisms, 
nethod  of  experimentation  principally  relied 
ce  1837  has  been  that  introduced  by  Schwann^. 
Aliments  have  been  occasionally  repeated  with 
ght  modification,  whilst  at  other  times  he  has 
ictly  followed.  In  the  latter  case  the  solution 
c  matter  is  boiled  in  a  flask,  the  neck  of  which 
tly  connected  with  a  tube  closely  packed  with 
of  red-hot  pumice-stone,  or  other  incombustible 
e;  and  after  the  solution  has  been  boiled  for 
ne,  so  that  all  the  air  of  the  flask  has  been 
,  the  flask  itself  is  allowed  to  cool — whilst  the 
taining  the  closely-packed  red-hot  materials  is 
atained  at  the  same  temperature,  in  order  that 
'  air  enters  into  the  flask  may  be  subjected  to  a 
I  heat  as  it  passes  through  the  tube.  When  the 
become  cool,  its  neck  is  hermetically  sealed  by 
-pipe  flame,  so  that  it  will  then  contain  only  the 
ly  boiled  solution  in  contact  with  air  (at  ordi- 
losi^eric  pressure)  which  has  been  calcined. 

lales  de  Foggendorf^'  1837,  p.  184.    '  Isis/  1837,  p.  523. 
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Since  it  has  been  thoroughly  settled  that  all  the  1 
organisms  which  may  be  contained  in  the  oiganii 
lutions  are  killed  when  the  fluids  are  raised  to  a 
perature  of  aia^F,  and  that  no  organisms  have 
known  to  survive  after  having  remained  for  thirtf 
minutes  in  air  raised  to  a  temperature  of  2fi$*f 
(i30°C),  the  boiling  of  the  fluid  for  a  time  and  the 
calcination  of  the  air  has  generally  been  supposed  to 
be  a  sufficient  precaution  to  ensure  the  destmctioD  of 
all  organisms  in  the  experimental  medial  Ei^ 
ments  conducted  in  this  way  have  yielded  native  re- 
sults to  some  investigators^  though  many  others  haft 
always  maintained  that  in  spite  of  such  precautions- 
calculated  to  destroy  all  pre-existing  living  things 
they  have,  after  a  time,  seen  multitudes  of  low  (Mfg^ 
isms  in  their  experimental  fluids  immediately  after  tk 
flasks  have  been  broken. 

Negative  results  in  these  experiments  can  of  course 
prove  little  or  nothing ;  they  may  be  explained  equally 
well  by  either  side :  either  no  organisms  have  been 
found,  because  they  or  all  the  germs  which  could  give 
rise  to  them  have  been  killed;  or,  as  it  is  just  as  fair f<^ 
the  evolutionists  to  say,  the  absence  of  organisms  can 
be  explained  on  the  supposition,  that  the  fluids  employed 
have  not  yielded  them  because  of  the  severely  destruc- 

*  The  sides  of  the  vessel  itself,  above  the  level  of  the  fluid,  wcnW. 
during  the  whole  time,  be  bathed  by  the  steam  given  off  finDm  the 
boiling  fluid,  even  if  they  did  not  come  in  contact  with  it  daring  tbe 
process  of  ebullition,  so  that  any  adherent  germs  would  in  this  vay 
be  destroyed. 
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lYC  influences  to  which  the  particular  organic  matter 
^  been  subjected  by  the  previous  boiling  of  the 
"ws.   When  organisms  are  found,  however,  in  solu- 

• 

WDS  which  have  been  legitimately  subjected  to  the 
■MJditions  involved  in  Schwann's  experiments,  then 
DC  of  two  things  is  proven :  either  the  amount  of  heat 
Wch  was  hitherto  deemed  adequate  to  destroy  all 
t-existing  organisms  is  in  reality  not  sufficient,  or 
yt  the  organisms  found  must  have  been  evolved  de 
w,  as  the  evolutionists  suppose.  Unless,  therefore, 
J  standard  of  vital  resistance  to  heat  can  be  shown 
be  higher  than  it  was  formerly  supposed  to  be,  any 
gle  positive  result  when  Schwann's  experiment  has 
m  legitimately  performed,  is  of  far  more  importance 
rards  the  settlement  of  the  question  in  dispute  than 
:  hundred  negative  results.  It  would  tend  to  show 
t  in  the  particular  fluid  employed,  organisms  might 
evolved  de  novo. 

fhe  experiments  of  Schwann  have  been  commonly 
cved  by  many  to  be  altogether  in  favour  of  the  views 
the  panspermatists.  Those  who  read  his  memoir 
I  find,  however,  that  he  did  not  fail  to  obtain  living 
uiuftifis  in  all  his  experimental  fluids.  When  the 
is  were  such  as  were  capable  of  undergoing  the 
)holic  fermentation  on  exposure  to  the  air,  living 
cinisms  were,  in  spite  of  all  precautions,  sometimes 
nd  within  his  flasks.  And  although  many  other 
estigators  had  subsequently  obtained  living  things, 
n  when  other  infusions  were  employed,  M.  Pasteur 

z.  % 
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was  quite  inclined  to  believe  for  a  time,  on  the  strength 
of  his  own  experiments,  that  Schwann's  precautioi^ 
properly  carried  out,  were  adequate  to   prevent  the 
occurrence  of  organisms  in  the  experimental  fluidSi 
These  early  investigations  were  made  with  sweetened 
yeast-water,  concerning  which  M.  Pasteur  says',  'I 
have  certainly  had  occasion  to  repeat  the  experiment 
more  than  fifty  times,  and  in  no  case  has  this  fluid, 
otherwise  so  changeable,  shown  a  vestige  of  organism 
when  in  the  presence  of  calcined  air.*     But  after  a 
time  M.  Pasteur  began  to  employ  an  entirely  different 
fluid,  and  in  all  these  experiments  living  organisms 
were  invariably  present  in  the  previously  boiled  fluids 
from  recently  opened  flasks.     Formerly  he  used  ^feau 
de  leviire  sucree,*  but  now  he  employed  milk — a  complex 
and  highly  nutritive  fluid.     There  was  no  necessary 
contradiction  in  these  results.     Facts  which  had  been 
thoroughly  established   with   regard   to  the  one  fluid 
might   not    necessarily  hold  good   for  the  other.   A 
consideration  so  obvious  as  this  ought  to  have  been 
entertained  by  any  unbiassed  experimenter,  but  it  was 
not  even  hinted  at  by  M.  Pasteur.     As  on  other  occa- 
sions, when  his  experiments  admitted  of  two  interpre- 
tations, M.  Pasteur  spoke  only  of  one.     He  completely 
ignored   an   equally  possible  interpretation — the  very 
existence  of  which  he  left  his  readers  to  ascertain  for 
themselves.     Thus,  speaking  of  his  experiments  with 
boiled    milk  and   calcined   air   in   closed  vessels,  ne 

*  Loc.  cit.,  p.  ^6,  note  0)» 
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n'ai  jamais  vu  se  former  dans  le  lait  ainsi 

chose  que  des  Vibrions,  et  des  Bacteriums, 
LC&lin^  aucune  Torulacde  aucun  ferment 
[  n'y  a  pas  de  doute  que  cela  tient  a  ce  que 

de  ces  demiires  productions  ne  peuvent 
CO®  au  sein  de  l*eau,  ce  que  j'ai  d'ailleurs 
LT  des  experiences  directes.      Et  de  meme 

reconnaitre  que,  //  le  lait  se  putrifie  dans 
mces  frecidenteSy  c^est  que  les  germes  des 
mt  nous  venons  de  farler  peuvent  r^ sister  h 
tre  humide  de  100%  lorsque  le  liquide  oii  an 
'ouit  de  certains  fropriith!  But  the  passage 
.ve  placed  in  italics  has  not  been  demon - 
my  direct  evidence:  it  is  in  fact  entirely 
all  such  evidence  *. 

>.  60. 

es  Wyman  very  aptly  says  (American  Jour,  of  Science  and 
Sept.  1867): — *The  study  of  organisms  living  in  thermal 
rreat  importance  in  connection  with  the  investigation  of 
tal  resistance.  Having  become  adapted  through  a  long 
to  their  surroundings,  such  organisms  may  be  supposed 
ircamstances  the  most  favourable  possible  for  sustaining 
temperature.  It  is  a  well-known  physiological  fact  that 
lay  be  slowly  transferred  to  new  and  widely  different  con- 
:  injury;  but  if  the  same  change  is  suddenly  made  they 
in  these  most  favourable  cases,  however,  no  living  things 
I  found  in  springs  at  the  temperature  of  boiling  water, 
Conftrva  were  found  by  M.  Descloizeaux  in  a  hot  spring 
:h  was  registered  at  2oS'  F.  No  more  extreme  case  than 
ieve,  be  quoted.  As  Prof.  Wyman  points  out,  however, 
hich  it  concerns  us  to  settle  is,  at  what  temperature  the 
with  in  our  infusions  perish — these  being  accustomed  to 
f  atmospheric  temperatures,  and  not  being  steeled  against 
»f  by  long  custom  and  habit. 
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He  came  to  the  conclusion  that  if  fluids  with  a& 
alkaline  reaction  were  raised  to  the  temperature  of 
boiling  water,  the  organisms  contained  in  them  were 
not  all  destroyed,  because  such  fluids  were  subsequently 
found  by  him  to  yield  living  things  when  experimented 
with  in  the  manner  adopted  by  Schwann;  and  simi- 
larly he  believed  that  the  organisms  in  these  Buids 
were  destroyed  when  the  fluids  had  been  raised  for 
however  short  a  time  to  a  temperature  of  iicyC 
(230"*  F),  because  after  such  treatment  no  organisms 
were  to  be  met  with  in  the  flasks  to  which  calcined 
air  alone  had  been  admitted. 

The  conclusions  drawn  by  M.  Pasteur  from  his  r^ 
searches  on  the  subject  at  present  under  discussion,  may 
be  summed  up  thus: — (i)  When  acid  solutions  of  organic 
matter  are  employed,  no  living  things  are  to  be  met  with 
in  repeating  Schwann's  experiments,  because  all  p^^ 
existing  organisms  are  destroyed,  and  living  things  arc 
believed  to  be  incapable  of  arising  de  novo;  but  (2)  when 
neutral  or  slightly  alkaline  solutions  are  made  use  of, 
organisms  may  be  met  with  if  such  infusions  arc  merely 
raised  to  the  temperature  of  100°  C,  though  (3)  they  arc 
never  to  be  seen  when  similar  infusions  have  been  raised 
to  a  temperature  of  iio'C.  On  account  of  these  sup- 
posed facts,  and  on  the  strength  of  a  chain  of  indirect 
evidence,  M.  Pasteur  assumes,  that  whilst  Bacterid  arc 
destroyed  in  acid  fluids  at  a  temperature  of  100' C,  their 
hypothetical  ^  germs '  are  not  destroyed  in  a  neutral  or 
slightly  alkaline  ftuvd  2A.  \oo^  C^  though  they  do  cease 
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I  live  in  such  a  fluid  after  it  has  been  exposed  to 
10' C. 

In  the  next  chapter  I  shall  endeavour  to  show  how 
ir  the  particular  results  of  M.  Pasteur's  experiments 
le  entitled  to  be  taken  as  the  basis  for  any  general 
OQclusions  on  the  great  question  of  the  Origin  of  Life, 
ind  how  far  his  assumptions  were  warrantable  in  the 
ace  of  existing  evidence* 


CHAPTER    IX. 


the  experimental  proof.    untenabilitt  of 
Pasteur's  conclusions. 

Different  results  obtainable  by  Schwann's  method  of  experimentatifli. 
M.  Pasteur's  conclusions.  Presence  of  air  in  flasks  not  essentoL 
Evolution  in  vacuo  previously  thought  impossible.  New  method 
of  experimentation.  Results  with  add  infusions.  Abundance  rf 
living  organisms.  Experiments  with  acid  saline  solutions.  These 
not  often  yielding  Bacteria^  but  rather  Torula  or  Fungi. 

M.  Pasteur  does  not  adequately  consider  the  nature  of  the  fluid  employed. 
Thinks  too  exclusively  about  the  germ-killing  powers  of  add  or 
alkaline  fluids.    Pays  no  attention  to  opposing  views.    Negatiter^ 
suits  equally  capable  of  explanation  on  either  hypothesis.  Importince 
of  positive  results.     M.  Pasteur  not  entitled  to  his  conclusion  about 
germs  in  alkaline  solutions.     His  indirect  e\idence  negatiTfd  by 
direct  evidence.    Other  explanations  more  probable.    Difference  m 
degree  of  fermentability  between  acid  and  neutral  states  of  same 
solution.      Experiments  in  illustration.       Differences  seen  vith 
solutions  fully  exposed  to  air  and  germs.      Similar  in  kind  to  those 
quoted  by  M.  Pasteur.     Fluids  most  favourable  for  growth  also 
most   favourable  for  evolution.    Fertility  of  any  given  solntioD 
often  in  the  inverse  ratio  to  its  acidity.     Effect  of  acidity  intensified 
by  high  temperatures.     Improbability  of  M.  Pasteur's  explanatioos 
in  face  of  these  results. 

''  I  ^HE  experiments  most  frequently  cited  as  adverse  to 
J-  the  possibility  of  the  Je  novo  origination  of  living 
things,  have  been  stated  to  be  those  of  Schwann,  or  re- 
petitions of  them  by  other  experimenters.     And  yet,  as 
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Iready  mentioned,  Schwann's  results  were  by  no  means 
imversally  adverse    to    this  possibility.      Sometimes 
tiving  organisms  were  met  with  in  his  flasks,  when  the 
fliuds  employed  were  such  as  underwent  the  vinous 
fermentation.    Many  other  observers  have  also  found 
organisms    in    fluids    from    hermetically-sealed    flasks 
^ch  had  been  strictly  subjected  to  the  conditions 
prescribed  by  Schwann ;    and   that   not   unfrequently 
vfaen  the  change  which  the  fluid  had  undergone  was 
of  a  putrefactive  rather  than  of  a  fermentative  cha- 
'actcr.    Amongst  those  who  have  obtained  these  posi- 
tive results  may  be  named  Mantegazza,  Pouchet,  Joly, 
Gusset,  Wyman,  Bennett,  Child,  and  others — including 
^cn  Pasteur  himself  \ 

But,  as  soon  as  M.  Pasteur  discovered  that  organisms 
Vere  undoubtedly  to  be  met  with  under  these  con- 
ditions, and  irrespective  of  the  limitations  established 
by  Schwann,  he  sought  to  include  all  such  exceptional 
cases  under  a  new  general  rule.  After  further  experi- 
ments be  came  to  the  conclusion  that  living  organisms 
mi^t  be  encountered  in  almost  any  suitable  neutral  or 
slightly  alkaline  solution,  which  had  been  submitted  to 
Schwann's  conditions,  though,  on  the  contrary,  they  were 
not  to  be  met  with  when  the  solutions  employed  had 
an  acid  reaction.  This  rule  was  represented  by  M. 
[^isteur  to  be  absolute.     And,  although  the  results  of 

'  As  it  would  be  impossible  to  give  any  adequate  account  of  all  these 
aloable  experiments,  we  must  refer  the  reader  to  the  works,  already 
Ited,  in  which  they  are  detailed. 
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■  * 

the  investigators  above  mentioned  did  not  permit  them 
to  come  to  a  similar  conclusion,  still  M.  P^isteiiA 
reputation  as  an  exact  and  brilliant  experimenter  has 
been  all-powerful,  and  the  majority  of  readers  havC| 
apparently,  been  only  too  willing  to  believe  implidtlj 
in  conclusions  which  they  may  have  found  to  be  com- 
patible with  their  own  theories  or  prejudices.  They  have 
not  hesitated  to  explain  away  results  of  a  contradictorj 
nature,  on  the  ground  that  those  who  made  the  a- 
periments  had  not  taken  sufficient  care  to  perform 
them  in  a  thoroughly  stringent  manner,  or  else  on  ^ 
supposition  that  the  organisms  which  they  had  foood 
in  their  experimental  fluids  were  not  living.  *  Was  it 
certain  that  the  flasks  had  been  hermetically  sealed? 
Had  the  air  been  sufficiently  calcined?  Were  the 
organisms  which  had  been  seen  really  alive?'  Such 
were  the  questions  and  doubts  that  were  continuallj 
addressed  to  persons  who  chanced  to  get  results  at  all 
different  from  those  of  M.  Pasteur.  His  experiments 
and  reasonings  have  again  and  again  been  quoted  as 
alike  unanswerable.  Nevertheless,  I  hope  to  be  able  to 
show  that  his  conclusions  are  rendered  untenable  in  the 
face  of  further  experiments,  and  that  M.  Pasteur  was 
not  even  entitled  to  draw  the  conclusions  which  he  did 
draw  from  his  own  experiments.  Assumptions  have 
occasionally  been  inserted,  in  his  chain  of  reasoning) 
as  though  they  were  established  facts,  and  his  whole 
argument  has,  therefore,  been  rendered  weak  and 
vulnerable. 
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Although  the  presence  of  air  within  the  closed  flasks 
as  generally  been  considered  essential,  still  it  had  been 
»wn  by  Fray  *,  even  before  the  time  of  Schwann,  that 
tmospheric  air  might  be  replaced  by  other  gases,  such ' 
5  hydrogen  or  nitrogen,  and  that  even  then  (with  the 
lethod  of  closing  the  vessels  at  the  time  in  vogue) 
iving  organisms  were  subsequently  to  be  met  with  in 
he  infusions.  More  recently  Prof.  Mantcgazza^  and 
4.  Pouchet '  showed  that  oxygen  gas  might  be  success- 
iilly  substituted  for  atmospheric  air,  in  experiments 
B^hlch  in  other  respects  complied  with  Schwann's  con- 
litions;  whilst  Dr.  Child  ^  has  also  shown  that  organisms 
ire  to  be  met  with  when  either  oxygen  or  nitrogen 
IS  substituted  for  atmospheric  air  in  similar  experi- 
ments. He  flailed  to  get  any  positive  results,  how- 
ler, in  the  presence  of  carbonic  acid  or  hydrogen 
ases. 

On  the  other  hand,  it  was  thought  by  Burdach  *  that 
ganisms  were  not  procurable  unless  the  hermetically- 
aled  flasks  contained  a  certain  amount  of  air.  He 
ys: — ^*  Gniithuisen  discovered  that  infusions,  ether- 
ise very  prolific  (those  of  hay,  for  example),  did  not 
dd  infusoria  in  glass  vessels  in  which  the  stopper 
uched  the  surface  of  the  fluid.*    In  a  comparatively 

'Efisai  sor  Torigine  des  corps  organises  et  inorganis^s/  Paris,  i8ai, 
.5-8. 

'  *  Giomale.  dell.  R.  Istituto  Lombardo/  t.  Hi.,  1851. 
» •  Compt  Rend/  (i858\  t.  xlvii. 
' '  Essays  on  Physiol.  Subjects/  md  ed.,  i86i>,  p.  114. 
^  *  Traits  de  Physiologie'  (Transl.  by  Jourdan).  1837,  t.  i  p.  16. 
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recent  paper  by  Prof.  Wyman*,  also,   in   giving  an 
account  of  experiments  which  were  more  than  usuailf 
productive,  he  says,  ^The  amount  of  infusion  used 
'  was  from  one-twentieth  to  one-thirtieth  of  the  wiwfc 
capacity  of  the  flask ; '  the  object  of  employing  this 
comparatively   small   quantity  of  fluid    beings  as  be 
adds,  ^  to  have  the   materials  exposed  to  as  large  a  \ 
quantity  of  air  as  possible/   These  facts  and  reasonings 
were  consistent  enough  with  the  view  that  putrefactive 
and  fermentative  changes  were  incited  in  the  organic 
fluids  under  the  influence  of  the  oxygen  in  the  air  above 
them':  and  this  has  been  the  doctrine  most  in  vogue 
amongst  those  who  have  believed  in  the  possibility  of 
the  de  novo  origination  of  living  things. 

It  had  been  stated  by  Spallanzani  that  whilst  organisms 
were  procurable  from  hermetically-sealed  flasks  in  which 
the  air  was  somewhat  rarified,  they  were  not  to  be 
met  with  when  the  rarefaction  was  extreme,  or  where 
a  vacuum  existed'.  Although  this  was  a  conclusion 
which  seemed  to  be  generally  accepted  *,  still,  on  re- 

*  •  American  Journal  of  Science/  vol.  xxxiv.,  July,  i86a. 
»  Thus  Gerhardt  says  (*  Chimie  Organique/  1856,  t.  iv.p.  537^:^*^ 

oxygfene  est  en  effet  la  cause  premifere  de  tous  les  ph&wm^ncs  w 
fermentation  et  de  putrefaction.*  Dr.  Child's  experiments,  showing  tk*^ 
organisms  might  be  found  even  in  presence  of  pure  nitrogen  gas,  ^^ 
made  two  or  three  years  subsequently  to  those  we  are  now  alluding  ^ 
by  Prof.  Wyman. 

'  Sec  *  Obs.  et  exp.  sur  les  Animalcules,*  p.  140. 

*  M.  Pouchet,  for  instance,  rejected  as  preposterous  the  notion  tb^t 
organisms  could  be  expected  to  occur  under  such  conditions,  in  soine 
experiments  made  by  M.  Milne-Edwards  (see  *Nouvelles  Experiments 
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lection,  it  appeared  to  me  to  be  one  which  might  very 
possibly  be  erroneous. 

Putre&ctive    or    fermentative    changes    might    not 
always  be  initiated  by  contact  of  organic  matter  with 
Qxygni  or  any  other  gas, — it  might  occasionally  be  de- 
pendent upon  the  inherent  instability  of  the  organic 
natter  itself.      Independently  of  the   fact,  therefore, 
that  the  sealing  of  the  flask  after  all  the  air  had  been 
eipelled  and  during  ebullition  of  the  fluid,  was  a  much 
simpler  process  than  having  to  admit  calcined  air  and 
scaling  the  flask  after  it  had  cooled,  it  seemed  likely 
^  the  presence  of  a  vacuum  might,  for  other  reasons, 
*>nictimes  prove  to  be  a  great  advantage.     It  appeared 
^aite  possible  that  the  diminution  of  pressure  in  the 
^ly  stages  of  the  experiment  might  favour  the  ini- 
^tion  of  rearrangements  amongst  the  molecules  of  the 
dissolved  organic  substances,  whilst  the  absence  of  air 
*^i^t  permit  these  changes  to  go  much  further  than 
^^  could  have  done  if  calcined  air  had  been  present, 
'^cause  the  vacuum  would  afford  a  space  into  which 
^idual  gases  might  collect  without  at  once  inducing 
tl  undue  amount  of  pressure  within  the  flask  ^      £x- 

B64,  p.  19,  note) ;  whilst  on  another  page  he  sa^rs : — *  La  presence  de 
^  pumit  dtre  Tone  des  conditions  fondamentales  de  la  fermentation. 
Ins  il  est  mbondant  plus  die  semble  active.  Si  on  le  confine,  ou  s'il 
!Unqwr,  oet  acte  diimique  est  paral3rs^  on  absoloment  entrav^.'  (p.  156.) 
*  I  was  actually  led  to  adopt  this  important  modification,  perhaps,  by 
.  mere  chance.  In  the  spring  of  last  year  Mr.  Temple  Orme,  of 
Jniversity  Coll^^e,  had  kindly  undertaken  to  perform  some  experiments 
vith  me  bearing  npon  this  subject     One  day,  however,  he  told  me  he 
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cessive  pressure  certainly  does  occur,  and  occasioaalt;il 
has  been  so  extreme  as  to  cause  a  rupture  of  the  vessd^ 
The  tension  within  the  flask  was  thought  likely  to  be 
especially  unfavourable  to  the  occurrence  of  fennap 
tation  or  putrefaction,  since  it  had  been  experimentaHf 
proved  by  Mr.  Sorby  ^  that  pressure  does  undoubtedlj 
influence  ^chemical  changes  taking  place  slowly/ and 
which  are  therefore  ^probably  due  to  weak  ur  nearif 
counterbalanced  affinities.'  This  influence  of  pressoie 
in  checking  chemical  change  is  more  especially  seen  in 
cases  where  the  chemical  actions  are  accompanied  bf 
the  evolution  of  a  gas.  So  that,  as  Mr.  Sorby  adds^^it 
may  cause  a  compound  to  be  permanent,  which  would 
otherwise  be  decomposed.'  For  these  reasons  I  was  led 
to  adopt  the  following  method  of  experimentation:— 
After  each  flask  had  been  thoroughly  cleaned  with 

had  boiled  an  infusion  of  hay  for  four  hours,  and  had  then  henneticiOy 
scaled  the  neck  of  the  flask  whilst  ebullition  continued.  In  this«tj* 
more  or  less  perfect  vacuum  was  procured.  This  he  did  as  a  sort  of 
tentative  experiment ;  but  it  was  then,  on  thinking  over  the  sabject,  thit 
I  resolved  to  give  the  plan  a  thorough  trial,  as  it  appeared  to  me  thit 
by  so  doing  I  should  be  working  under  conditions  whidi  were  most  in 
accordance  with  the  theory-  of  evolution.  I  performed  four  experiments 
at  that  time  in  concert  with  Mr.  Temple  Orme,  with  hay  infiisioosi 
which  had  been  boiled  for  four  hours,  and  had  then  been  sealed  up  <■ 
vacuo.  In  each  of  these  fluids,  organisms  were  found  after  a  com- 
paratively short  time.  These  were  the  first  experiments  performed 
under  such  conditions.  In  my  subsequent  work  I  have  not  had  the 
l)encrit  of  Mr.  Orme's  personal  assistance,  although  I  have  frequent 
profited  by  suggestions  which  he  has  made. 

*  *  Essays  on  Physiological  Subjects/  and  ed.,  1869,  pp.  113,  Hf 
'  IJakerian  Ixcture  '  On  the  Direct  Correlation  of   Mechanical  »wi 
Chemical  Forces.'     (Proceed,  of  Royal  Society,  1863,  pp.  546  and  539-) 


THE  BEGINNINGS  OF  LIFE.  351 

ling  water,  three-fourths  of  it  was  filled  with  the 
d  which  was  .to  be  made  the  subject  of  experiment, 
ith  the  aid  of  a  small  hand  blow-pipe  and  the  spirit- 
ip  flame,  the  neck  of  the  flask  \  about  three  inches 
n  its  bulb,  was  then  drawn  out  till  it  was  less  than 
ne  in  diameter.  The  neck  having  been  cut  across 
this  situation,  the  fluid  within  the  flask  was  boiled 
itinuously  for  a  period  of  from  ten  to  twenty 
lutes.  At  first,  ebullition  was  allowed  to  take  place 
idly  (till  some  of  the  fluid  itself  frothed  over)  so  as 
xxxure  the  more  thorough  expulsion  of  the  air^  then 

boiling  was  maintained  for  a  time  at  medium 
lence  over  the  flame  of  a  spirit-lamp,  whilst  the 
sUly  attenuated  neck  of  the  flask  was  heated  in  the 
oe  of  another  spirit-lamp  placed  at  a  suitable 
iration.  The  steam  for  a  time  poured  out  violently 
>  the  flame  of  the  lamp;  and  whilst  my  assistant 
]itly  moved  the  other  lamp,  so  as  to  diminish  still 
Jicr  the  violence  of  the  ebullition,  I  directed  the 
i¥-p]pe  flame  upon  the  narrow  neck  of  the  flask,  and 
led  it  hermetically.    When  the  orifice  was  closed, 

heat  was  immediately  withdrawn  from  the  body  of 

flask. 

Vfter  a  little  practice  I  soon  became  able  to  procure 
this  way  a  tolerably  perfect  vacuum.     Even  though 

vessels  were  so  small,  momentary  ebullition  could 
lerally  be  renewed  again  and  again  for  the  space  of 

They  were  generally  small,  capable  of  containing  from  three-quarters 
Q  ounce  to  one  ounce  and  a  half  of  fluid. 
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five  minutes  after  they  had  been  hermetically  sealed,  bjr 
the  mere  application  of  one  of  my  fingers,  which  had 
been  dipped  in  cold  water,  to  a  portion  of  the  glass 
above  the  level  of  the  fluid.  The  water-hammer  effect 
was  also  very  obvious,  in  those  which  were  tested  in 
this  fashion. 

I  believe  that  an  almost  perfect  vacuum  can  be 
produced  in  this  way.  During  the  first  violent 
ebullition  the  air  is  driven  out  of  the  flask  by  the  fluid, 
and  as  ebullition  is  continuously  kept  up  after  this  till 
the  flask  is  hermetically  sealed,  there  is  always  an 
outpouring  of  heated  vapour,  and  no  opportunity  fof 
re-ingress  of  air.  But  even,  if  in  any  given  case,  the 
vacuum  should  not  prove  to  be  absolute,  it  does  not 
seem  to  me  that  there  would  be  any  material  abate- 
ment from  the  severity  of  the  conditions  which  strict 
experimentation  would  demand.  If,  on  the  one  hand, 
absolutely  the  whole  of  the  air  had  not  been  expelled 
from  the  flasks  during  the  process  of  ebullition,  what 
remained  would  necessarily  be  mixed  up  with  a  very 
much  larger  quantity  of  continually  renewed  steam, 
and  the  effect  would  probably  be  that  any  living 
things  would  be  just  as  effectually  and  destructively 
heated  in  this  as  if  they  were  lodged  in  the  boilifl? 
solution  itself;  whilst  if,  on  the  other  hand,  the  boili^^ 
had  been  arrested  for  one  or  two  seconds  before  the 
complete  closure  of  the  almost  capillary  orifice  at  the 
mouth  of  the  flask,  and  any  air  had  entered,  it  wouW 
have  had  first  to  pass  through  the  blow-pipe  flame,  and 
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then  through  the  white-hot  capillary  orifice — it  would, 
in  fact,  have  been  calcined  as  in  Schwann's  experiment. 
^  conditions  of  the  experiment  would  thus  have  been 
no  less  severe,  and  the  only  eflFect  would  be  that  the 
vacuum  (with  which  1  prefer  to  work)  would  have  been 
'widered  by  so  much  the  less  complete.  These  remarks 
^  made  with  the  view  of  meeting  possible  criticism, 
ft  should  be  remembered,  however,  that  M.  Pasteur 
^^ays  adopted  this  method  when  he  wished  to  preserve 
^'utions  for  a  time  m  vacuo  ^ 

After  the  flasks  had  been  prepared  in  the  way  above 
'^^^tioned,  they  were  kept  in  a  warm  place  in  which 
^  temperature  could  be  maintained  at  night.  Some 
^Ve  been  suspended  in  the  air,  whilst  others  have  been 
'Jinicrsed  in  a  water-bath  heated  by  a  spirit-lamp.  So 
^  as  I  have  been  able  to  ascertain,  the  temperature  to 
^hich   they    have   been   subjected  has    mostly  ranged 

*  Whenever  he  desired  to  make  comparative  trials  with  the  air  of 
'Cerent  localities,  the  solutions  which  had  been  prepared  in  this  way 
^re  considered  by  him  to  be  contained  in  vacuo.  The  necks  of  the 
^sks  were  broken  in  the  several  localities,  in  order  that  they  might 
icome  filled  with  the  ordinary  air  of  the  respective  places.  After  this 
id  been  done  the  flasks  were  re-sealed  and  kept  for  future  observation  of 
«ir  contained  fluids.  M.  Pasteur,  M.  Pouchet,  and  others  who  adopted 
is  method,  carried  away  their  experimental  fluids  in  vacuo,  during  a  two 
•  three  days*  journey  to  the  Alps  or  to  the  Pyrenees,  and  it  never  seemed 
»  have  occurred  to  either  of  them  that  evolutional  changes  might  be 
king  place  during  the  interval.  M.  Pasteur,  in  fact,  habitually  shut  his 
'es  to  all  such  possibilities ;  they  did  not  come  within  the  range  of  what 
5  considered  possible.  Such  thoughts  might,  however,  have  suggested 
temselves  to  M.  Pouchet  and  others,  had  they  not  imagined  that 
solution  in  vacuo  was  an  impossibility. 

VOL.  I.  A  a 
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between  yf^S'F  ^if-ig^'Qy  though  occasionally  i 
has  been  even  higher  than  this.  Sometimes  the  flasb 
have  been  exposed  to  the  lower  temperature  and  son»- 
times  to  the  higher,  and  I  suspect  that  a  variation  of 
this  kind  may  perhaps  be  more  favourable  for  int 
production  of  evolutional  changes  than  maintenance  at 
a  constant  temperature. 

In  detailing  the  results  of  the  following  experiments, 
I  shall  not  enter  into  any  minute  description  of  the 
organisms  found.  The  main  object  throughout  has 
been  to  obtain  evidence  on  the  subject  as  to  whether  a 
iie  novo  evolution  of  living  things  could  or  could  not 
take  place.  Occasionally  only  small  portions  of  the 
experimental  fluids  have  been  examined.  If,  ^ 
instance,  what  was  found  in  the  first  few  drops  of  the 
fluid  left  no  doubt  in  my  mind  as  to  the  nature  and 
abundance  of  some  living  things  contained  therein,  the 
remaining  portions  of  the  fluid  were  frequently  not 
scrutinized. 

Seeing  that  M.  Pasteur  and  others  admit  that  organ- 
isms are  to  be  met  with  in  neutral  or  slightly  alkaline 
fluids,  treated  in  the  manner  adopted  by  Schwann  ^ 
I  will  only  mention  the  fact  that  neutral  solutions  of 
hay,  mutton,  beef,  and  other  substances  have  also 
readily  yielded  organisms  in  the  course  of  a  few  days 
when  treated  in  the  manner  just  described.  With 
respect  to  acid  solutions,  however,  M.  Pasteur's  verdict 

*  M.  Piastcur*s  explanation  of  this  fact  wiU  be  snbseqoeQUy  considered. 
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lifoent.  ^  These/  he  says, '  are  uniformly  sterile ; 
I  the  sterility  is  to  be  accounted  for  by  the  fact  that 
the  lower  oi^nisms  and  their  germs  are  destroyed 
in  acid  fluid  raised  to  the  boiling  point/ 
lie  latter  statement  seems  to  be  quite  true ;  the 
tier,  however,  is  one  which  has  been  negatived  by 
experience  of  others,  and  which  now  may  be  shown 
)c  altogether  erroneous.  Alterations  in  the  nature 
he  fluid  employed,  or  in  the  method  of  experimenta- 
I — either  singly  or  in  combination — easily  show  the 
inability  of  M.  Pasteur's  conclusion  with  respect  to 
sterility  of  acid  fluids. 

. — ^Experiments  in  which  the  fluids  were  raised  to 
mperature  of  2i2°F  for  from  10  to  20  minutes, 
in  which  the  flasks  were  hermetically  sealed  whilst 
luids  were  still  boiling. 

ES  a. — Fluids  employed  being  filtered  infusions ^  containing 
agonic  matter  in  solution  and  having  an  acid  reaction, 

tferhment  i.  A  closed  flask  containing  a  very  strong 
don  of  hay  (boiled  for  five  minutes),  to  which  had 
,  added  A*^  part  of  carbolic  acid,  was  opened  twelve 
after  it  had  been  hermetically  scaled. 
be  solution  remained  quite  clear  for  the  first  four 
,  but  on  the  fifth  day  a  small  quantity  of  a 
iery  sediment  was  observed,  and  also  one  small, 
,  fllake-likc  mass.    On  the  seventh  day  more  minute 

A  a  2 
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flakes  were  noticed,  and  also  a  slight  general 
of  the  fluid.  The  turbidity  and  deposit  having 
increased,  the  flask  was  opened  on  the  twelfth  b^ 
The  vacuum  was  found  to  have  been  only  very  sli^ 
impaired  j  and  the  reaction  of  the  fluid  was  still  iwf 
strongly  acid. 

On  microscopical  examination  of  some  of  fc 
deposit  there  were  found,  amongst  granular  flakes  ani 
aggregations,  a  large  number  of  Tarula  cells  of  mofit 
various  shapes  and  sizes  j  also,  in  the  midst  of  granuk- 
heaps,  many  large,  rounded  or  ovoidal,  densely  granular, 


o 


Fio.  33. 
Organisms  found  in  an  Infusion  of  Hay,  plus  one-twentieth  part 

of  Carbolic  Add.     (  x  800.) 

nucleated  bodies — whose  average  size  was  y^"  in 
diameter,  though  there  were  many  much  larger,  and 
others  even  less  than  half  this  size.  Intertwined 
amongst  the  granular  matter  also  were  a  large  number 
of  algoid  filaments  ^u^jsj/  in  diameter,  containing  s^- 
niented  protoplasmic  contents.    There  were  also  in  the 
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lid  itself  a  number  of  medium-sized,  unsegmented 
uttria^  whose  movements  were  somewhat  languid  ^. 
Bxferiment  2.    A  closed  flask  containing   a  filtered 
ftsion  *  of  turnip,  was  opened  five  days  after  it  had 
^n  hermetically  sealed. 

On  the  second  day  after  the  flask  had  been  sealed, 
c  previously  clear  solution  began  to  exhibit  a  cloudy 
pearance.     The  next  day  a  reticulated  scum  was  seen 

the  surface  of  the  fluid,  which  gradually  became 
>re  manifest  on  the  two  following  days.  When  the 
-k  of  the  flask  was  opened,  its  contents  were  found 
emit  a  most  foetid,  sickly  odour. 
Vdicroscopical  examination  revealed  Bacteria^  and  a 
y  large  number  of  ViMones — mostly  without  joints — 
tie  straight  and  others  bent,  some  motionless  and 
^ers  exhibiting  languid  movements.     These,  mixed 

with  a   thickly  interlaced   network  of  Leptothrix 

This  experiment  was  one  of  a  series  of  six,  in  which  the  same  hay 
ition  was  employed  (see  Appendix  C,  pp.  xlii-xlvi).  A  flask  in 
:ch  the  hay  solution  had  been  boiled  without  any  addition  of  carboUc 
I,  and  which  had  been  sealed  after  the  solution  had  become  cool  and 
flask  was  full  of  ordinary  air,  yielded  no  organisms. 

This  and  other  infusions  of  a  similar  nature  have  been  prepared  by 
ing  a  portion  of  white  turnip  into  small  thin  slices,  and  then  pour- 
warm  water  upon  them  (in  a  suitable  vessel)  up  to  rather  above 

level  which  they  alone  had  reached.  The  infusions  were  then 
wed  to  stand  near  a  Are  for  three  or  four  hours,  so  as  to  keep  them 
,  temperature  of  from  iio*'-i30*'F.  Nothing  is  easier  than  to  obtain 
ative  results  in  such  experiments :  it  is  only  necessary  to  use  weak 
sions,  more  especially  if,  during  their  preparation,  they  have  been 
t  for  a  prolonged  period  at  a  temperature  near  to  that  of  boiling 
er,  instead  of  at  a  heat  which  can  be  supported  by  the  finger. 
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filaments,  constituted  the  reticulated  pellidc  wlu(i«  1 
seen  on  the  surface.  The  Leftetbrix  fibres  were  partll  ] 
plain,  and  partly  segmented ;  they  presented— eiojl  ! 
in  respect  of  their  length — an  appearance  almost  pit- 


Bacteria,  Vibrioats,  and  Lipioibrlx  tilaments  met  with  in  m  Turnip  InAiM 
which  had  been  only  five  days  in  tuciro.     ( x  Soa) 

cisely  similar  to  the  Vthionei.  The  long  filaments 
seemed,  in  fact,  to  be  only  developed  forms  of  thcshortfl 
rod-like  bodies. 

Experiment  3.  A  closed  ilask  containing  an  iniiisiai 
of  turnip',  was  opened  seventeen  days  after  it  had  bern 
hermetically  sealed. 

The  fluid  never  exhibited  any  distinct  turbiditj,  isi 
no  pellicle  formed  on  the  surface;  there  was,  howp'efi 
an  irregular  covering  of  the  bottom  of  the  flask  byfiw 
granular  matter,  with  here  and  there  a  small  patch  (rf 
filamentous-looking  substance.  No  bad  odour  *3S 
perceived  when  the  flask  was  opened. 


77//:  /:/:-;/\\/Xi\  t>/'  /:/■/.  ;,-() 


Unfortunately,  just  as  I  was  proceeding  to  examine 
the  contents  microscopically,  nearly  all  the  fluid  was 
lost^  including  the  filamentous-looking  masses.     Exami- 
nation of  a  few  drops  of  the  fluid  which  remained 
showed  a  very  large  number  of  plastide-particlcs  and 

Exftriment  4.  A  closed  flask  containing  an  infusion 
of  turnip  was  opened  seven  days  after  it  had  been 
hennetically  sealed. 

The  solution  itself  was  much  clouded,  and  its  surface 
was  covered  by  a  thick  gelatinous  pellicle. 

On  microscopical  examination  of  the  fluid  it  was 
found  to  contain  a  multitude  of  plastide-particles  and 
very  active  Bacteria.  The  thick  gelatinous  pellicle 
was  also  made  up  of  an  aggregation  of  these  in  the 
usual  transparent  mucoid  material.  In  very  many  situ- 
ations this  uniform  pellicle  was  undergoing  a  process 
of  heterogemetic  arganizatiany  such  as  will  be  more  fully 
described  hereafter. 

Experiment  5.  A  flask  containing  a  very  strong  infu- 
sion of  turnip  was  opened  fifteen  days  after  it  had  been 
hermetically  sealed. 

The  solution  itself  was  very  cloudy,  and  there  was  on 
its  surface  a  thick  coriaceous  sort  of  pellicle  marked  by 
more  closely-set  aggregations  or  islets  of  denser  growth. 

On  microscopical  examination  the  fluid  was  found  to 
contain  a  multitude  of  plastide-particlcs  and  very  active 
Bacteria.  The  Bacteria  were  almost  more  active  than  any 
I  had  before  seen^  and  there  were  many  different  kinds. 
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Some  exhibited  rapid  serpentine  movements,  accom* 
panied  by  flexions  of  the  two  s^ments  of  which  tiicf 
are  composed  ^  whilst  the  movements  of  others  woe 
rapidly  progressive  in  straight  or  curved  lines. 

The  pellicle  was  made  up  mainly  of  simple  LefttfUat 
filaments  (mostly  without  joints  or  evidences  of  seg- 
mentation) ;  and  the  thicker  islets  were  found  to  be 
produced  by  a  more  luxuriant  growth  in  these  situations 
of  densely  interwoven  filaments. 

The  pellicle  was  found  to  be  so  tough  and  clastic 
that  some  of  it  could  only  be  mounted  as  a  miao- 
scopical  specimen  after  it  had  been  compressed  tor  an 
hour  or  two,  by  placing  a  small  weight  on  the  covcriiij 
glass. 

It  would  be  useless  to  quote  other  experiments  of 
the  same  kind,  though  many  others  have  been  made  with 
similarly  positive  results.  Those  in  which  a  hay  infusion 
acidified  by  carbolic  acid  has  been  employed  arc 
most  especially  interesting.  In  no  case  has  a  properly 
prepared  infusion  of  turnip  failed  to  yield  an  abundance 
of  living  organisms  in  the  course  of  from  two  to  six 
days,  although  the  reaction  of  the  infusion  has  always 
been  decidedly  acid.  A  distinct  pellicle,  however,  only 
forms  occasionally.  If  a  clear  solution  becomes  turbid 
in  a  few  days,  with  or  without  the  formation  of  a  thicit 
pellicle,  and  if  on  microscopical  examination  the  cause 
of  the  turbidity  or  the  constituents  of  the  pellicle  have 
been  found  to  be  Bacteria^  ViMones^  or  Leftotkrix  fila- 
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nts,  no  fair  critic  could  reasonably  object  to  the  in- 
Jncc  that  the  organisms  found  were  living,  simply 
ause  they  only  exhibited  languid  movements  more  or 

indistinguishable  from  mere  molecular  or  Brownian 
irements.  The  property  of  reproduction  is  a  fun- 
icntal  attribute  of  living  things;  the  power  of 
brming  extensive  movements  is  not.  t  That  repro- 
tioQ  has  taken  place  must  be  obvious  to  all.    How 

could  a  clear  fluid,  within  an  hermetically-sealed 
k1,  become  turbid  owing  to  the  presence  of  myriads 
Ucteria  ?  How  else  could  a  thick  pellicle  form  on 
I  a  solution  composed  of  densely  interlaced  Baeteriay 
imesy  arid  Leptotkrix  filaments?  And,  moreover, 
ough  in  the  fluid  from  some  of  the  flasks  the  move- 
rs of  the  contained  Bacteria  were  so  languid  as  to  be 
ccly  distinguishable  from  Brownian  movements,  in 

of  others  (as,  for  instance,  in  Exps.  4  and  5)  the 
ements  were  very  active  and  unmistakcably  vital. 
t  the  vessels  were  in  no  way  cracked,  and  that  the 
lum  was  in  some  cases  slill  partially  preserved,  I 
r  thoroughly  satisfied  myself ».     For  the  rest,  the 


liis  is  easily  done  by  carefully  heating  the  end  of  the  neck  of  the 
(before  breaking  it),  and  then  softening  it  with  the  blow-pipe 
.  The  insinking  of  the  softened  glass  is  a  sure  sign  that  the 
Sn  is  still  more  or  less  preserved.  The  amount  of  gas  liberated 
ferent  cases  varies  very  much.  In  many  instances  it  is  not  sufH- 
to  establish  an  equilibrium  with  the  external  atmospheric  pressure, 
;h  occasionally  (even  when  the  fluids  were  originally  contained 
iro)  the  internal  tension  from  liberated  gases  exceeds  the  external 
»pheric  pressure. 
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experiments  can  be  easily  repeated  by  anyone  who  is 
desirous  of  seeing  such  results  for  himself. 

In  the  next  series  of  experiments,  ammoniacal  anl 
other  saline  solutions  have  been  employed  At  preseflt, 
we  have  to  do  with  these  simply  as  add  solutions  is 
which  living  organisms  have  been  procured.  The  ^ 
sence  of  living  organisms  in  such  solutions,  after  etxilli- 
tion  and  other  proper  precautions,  being,  in  accordance 
with  the  admissions  of  M.  Pasteur,  only  compatible 
with  the  de  novo  origination  of  those  which  fest 
appear. 

I  was  induced  to  employ  saline  solutions  for  varioos 
reasons.  In  the  first  place,  after  having  read  M.  Pas- 
teur's statements,  concerning  the  growth  and  develop- 
ment of  Fungi  which  had  been  f  laced  in  saline  solutions^ 
it  occurred  to  me  that  it  would  be  a  subject  of  much 
interest  to  determine  whether  any  evidence  could  be 
obtained,  tending  to  show  that  organisms  might  even  be 
evolved  de  novo  in  certain  fluids  of  a  similar  character. 
This,  in  fact,  seemed  to  be  a  problem  of  very  great  im- 
portance ^  for,  if  otherwise  suitable,  the  employment  ot 
such  saline  solutions  would  be  attended  by  certain 
advantages.  It  appeared  likely  that  the  saline  mate- 
rials in  solution  would  be  far  less  injured  by  the 
high  temperature  of  2i2°F  than  organic  substances. 
We  should  thus,  also,  best  prepare  ourselves  to  be 
brought  face  to  face  with  the  problem — Whether  the 
pre-cxistcnce  of  organic  matter,  which  has  been  elabo- 

'  Loc.  cit.,  p.  100. 
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1  in  pre-existing  organisms,  is,  at  present,  absolutely 
ssary  for  the  de  novo  origination  of  living  things  ^ 
whether,  in  fact,  these  may  arise,  more  or  less 
tly,  by  changes  taking  place  in  an  aggregation  of 
•formed  molecules  of  an  organic  type  ^. 
t  present,  however,  no  special  precautions  have 
taken  to  ensure  the  purity  of  the  chemical  sub- 
res  employed.  These  may,  and  sometimes  did 
ubtedly  contain  organic  impurities,  so  that  the  fol- 
Qg  experiments  are  simply  quoted  as  instances  in 
h  more  or  less  acid  fluids,  containing  at  all  events 
ry  large  proportion  of  saline  ingredients,  have 
!d  productive  of  living  organisms  when  treated  in 
^ay  akeady  described. 

Series  b. — Saline  Solutions  having  an  acid  reaction, 

feriment  i.  A  closed  flask  containing  a  solution 
•ric  and  ammonic  citrate^  in  distilled  water  (gr.  x. 
)  was  opened  29  days  after  it  had  been  hermetically 
1. 

&mall  amount  of  powder-like  sediment  had  gra- 
f  collected  at  the  bottom  of  the  flask,  though  there 
10  general  turbidity  of  the  fluid.  Before  the  flask 
opened  it  was  ascertained  that  the  vacuum  was  still 

tese  having  themselves  arisen  by  the  combination  of  some  of  the 

ited  elements  of  the  saline  substances  employed. 

me  of  the  purest  that  could  be  obtained,  from  Messrs.  Ilopkin 

illiams. 
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partially  preserved.  The  reaction  of  the  fluid  was  found 
to  remain  slightly  acid. 

On  microscopical  examination  of  the  sediment,  Bic- 
teria  were  found,  having  moderately  active  movements 
though  they  were  not  very  numerous.  There  were 
many  granular  aggregrations,  from  the  midst  of  whid 
were  growing  Leptotkrix  filaments,  though  the  (wganisois 


0 


0 


Fio.  25. 
Tomla,  Leptothrix,  and  Bacteria  found  in  simple  Solution  of 
Ferric  and  Amnionic  Citrate.     (  x  800.) 

which  were  most  abundant  were  Terula  cells  of  differe^^ 
sizes,  many  of  which  were  provided  with  a  segment 
across  their  short  diameter,  whilst  each  half  contained 
a  nuclear  particle.  These  Tarula  cells  had  a  uniform 
very  faint  greenish  hue,  and  homogeneous  contents. 
They  often  existed  in  groups  of  12-20,  or  more. 

Experiment  2.  A  closed  flask  containing  a  solution  of 
ferric  and  ammonic  citrate,  together  with  a  few  minute 
fibres  of  deal  wood  (much  less  than  half  a  grain),  was 
opened  42  days  after  it  had  been  hermetically  sealed. 

The  fluid  continued  clear  and  there  was  no  pellicle  on 
the  surface,  though,  after  the  first  two  weeks  a  sli^t 
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it  b^an  to  collect  at  the  bottom  of  the  flask, 

I  slowly  increased  in  quantity. 

opening  the  flask  the  reaction  of  the  fluid  was 

to  be  still  slightly  acid;   and  on  microscopical 

ination  of  the  deposit  several  different  kinds  of 

isms  were  discovered  in  and  amongst  the  granular 

^tions  of  which  it  was  in  great  part  composed. 

minute  fragments  of  deal  wood — dotted  ducts, 

were  also  intermixed. 

ongst  the  organisms  were  perfectly-formed  Bacteria^ 
Yhsjs'  ^^  length,  which  were  very  numerous  and 
tely  active  i  several  long  unsegmented  Leftothrix 
nts,  TTznnr"  ^^  diameter ;  many  oat-shaped  Torula 
scles,  about  t^^"  in  length ;  three  or  four  spherical 


^     .  •  • 

Fio.  26. 
,  Liptothrix^  Toruhr,  and  other  organisms  found  in  a  Solution  of 
c  and  Ammonic  Citrate,  plus  some  minute  fragments  of  deal 
.     ( X  800.) 

oid  fungus-spores,  each  having  a  large  central 
IS,  and  others  rather  smaller,  having  granules 
1  instead  of  a  distinct  nucleus;  also,  partly 
ded  in  one  of  the  granular  aggregations  was  a 
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distinct  cellular  body,  ^oW"  ^^  diameter,  having  a 
sharply-defined  border  and  finely-granular  contents, 
in  the  midst  of  which  was  a  large  nucleus.  A  thid 
hyaline  capsule  seemed  to  shut  it  off  from  the  granular 
matrix  in  which  it  was  imbedded.  And,  lastly,  there 
were  a  number  of  bodies  closely  resembling  one  of  4c 
simplest  kinds  of  Desmids.  Some  of  them  were  sin^ 
ovoidal  bodies,  about  tM*  in  length,  consisting  of  an 
oat-shaped  mass  of  faintly  greenish  protoplasm  within 
a  larger  delicately  hyaline  envelope.  Others  were  com- 
posite, and  one  mass  was  seen  composed  of  four  mudi 
larger  segments'. 

Experiment  3.  A  closed  flask  containing  a  solution 
of  potash-and-ammonia  alum,  and  of  tartar  emetic , 
was  opened  28  days  after  it  had  been  hermetically 
sealed.     The  fluid  then  had  a  decidedly  acid  reaction. 

The  solution  continued  clear  throughout ;  there  was 
no  trace  of  a  pellicle  and  no  deposit  at  the  sides,  though 

'  Organisms  closely  resembling  these  have  fipecjaently  been  met  witn 
in  solutions  similar  to  the  above,  even  when  the  solutions  have  been 
exposed  to  much  higher  temperatures  (see  vol.  ii.  chap.  x.  ^^  °' 
9,  1 1  and  1 2).     And   in  a  flask  containing  an  inoculated  solotion  « 
ammonic  tartrate  and  sodic  phosphate,  which  had  been  heated  toi4^"» 
and  subsequently  kept  for  eleven  weeks,  bodies  somewhat  similtf  ^'^ 
encountered.    In  this  case,  however,  they  were  colourless,  and  **** 
associated  with  a  number  of  more  ordinary-looking  TVwWa  cells.   *» 
green  organisms  of  the  iron  solutions  bear  some  resemblance  to  tne 
Desmids  of  the  genus  Artbrodesmus,  and  to  the  Pediastrea  of  the  g*'** 
Seenodesmus, 

*  The  quantities  were,  unfortunately,  not  measured.    The  water  nseo 
was  not  distilled,  but  was  a  pure  drinkable  water. 


^  whitish  flocculcnt  mass  was  seen  at  the  bottom  of  the 
^^k  after  the  first  fortnight,  which  gradually  increased, 
^'^d  at  last  formed  a  mass  about  ^"  in  diameter. 

On  microscopical  examination,  the  white  mass  was 

*'^nd  to  be  made  up   of   a^regations   of  colourless 

^^^ticles,  varying  much  in  size  and  shape,  and   im- 

^dded   (S)   in    a  distinct  hyaline   jelly-like  material. 

*^o   granules   were    highly   refractive,   altogether   ir- 

SMlar  in  shape,  and  they  varied  in  size  from  ^^^^(nF" 

-y^^"   in  diameter.     Though  most   of  them   were 


to 


Fia.  27. 

Fungus  met  with  in  a  solution  containing  Potash-and-Ammonia 
Alum,  with  Tartar  Emetic,    (x  600.) 

niotionless  and  imbedded  in  the  jelly,  very  many  were 
Seen  exhibiting  active  and  independent  movements^ 
some  of  these  were  in  the  form  of  little  double 
spherules  (^,  and  a  very  few  others  resembled  Bacteria 
about  ^^^"  in  diameter,  though  they  did  not  possess 
the  accustomed  joint. 
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Three  fungus-spores   with  thick  double  walls  wc« 
seen.      Each  of  these  was  about   ^sW"  ^^  diameter. 
Within   one  of  them  there  were  only  a  number  of 
granular  particles  {c\  but  within  each  of  the  other  two 
there  was  a  large  and  somewhat  irregular  nuclear  mass. 

In  addition  there  was  found  the  complete  ftingus 
which  is  represented  in  the  figure  {a)^  with  all  its 
spores,  and  in  a  portion  of  one  of  the  granular  aggrcga- 
tions,  a  mass  of  about  thirty  spores  seemed  to  be  under- 
going evolution,  by  a  differentiation  of  mucoid  material 
through  which  some  fine  granules  were  disseminated 

Experiment  4.  A  closed  flask  containing  a  solution 
of  neutral  ammonic  tartrate  and  neutral  sodic  phos- 
phate ^  was  opened  on  the  75th  day  after  it  had  been 
sealed  2. 

Before  the  opening  of  the  flask  it  was  ascertained' 
that  the  vacuum  had  been  well  preserved.  The  reaction 
of  the  fluid  was  still  slightly  acid.  For  a  long  time  the 
contents  of  the  flask  seemed  to  remain  unaltered,  though 
for  the  last  few  weeks  a  very  small  amount  of  greyish 
deposit  had  collected  at  the  bottom  of  the  vessel. 

When  examined  microscopically  this  deposit  was 
found  to  be  principally  made  up  of  amorphous  granules, 

*  In  the  proportion  of  gr.  xv.  of  the  former  to  gr.  v.  of  the  latter  in  ow 
ounce  of  distilled  water. 

^  The  flask  having  been  kept  during  this  time  in  a  warm  water-batb 
which  was  constantly  maintained  at  a  temperature  of  95-90'  F. 

'  By  the  inbending  of  the  neck  of  the  flask  when  heated.  It  had  been 
kept  with  its  neck  immersed  in  the  fluid,  so  that  if  this  had  become 
cracked  the  bath  fluid  would  have  Ixien  sucked  into  the  flask. 
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ookxirless  and  irregular  in  size,  amongst  which  were  a 
mimber  of  minute  TlmvAf-cells,  scattered  here  and  there 

0        CO 

0     & 


o 


Fl3.  28. 

IWiibv  obtained  from  a  Solution  of  Amnionic  Tartrate  and  Sodic 

Phosphate,     (x  800.) 

both  singly  and  in  groups.     No  other  kind  of  living 
thing  was  met  with. 

Some  of  this  granular  matter  with  Torulje  was 
DJounted  as  a  microscopical  specimen,  in  a  mixture 
of  glycerine  and  carbolic  acid  (16 :  i),  and  in  the  course 
of  two  weeks  it  was  found  that  the  ToruU  had  notably 

■ 

increased  in  size  and  in  number  beneath  the  cemented 
Covering-glass. 

Experiment  5.  A  flask  containing  a  solution  of 
Amnionic  tartrate  and  sodic  phosphate  was  opened 
twenty  days  after  it  had  been  hermetically  scaled.  The 
Reaction  of  the  fluid  was  then  decidedly  acid. 

The  fluid  itself  showed  no  signs  of  turbidity,  and 
there  was  no  trace  of  scum  on  its  surface.  Small 
whitish  flocculent  shreds  had,  however,  been  seen  at  the 
bottom  of  the  flask  for  the  last  twelve  or  fourtccMi  days, 
during  which  time  they  seemed  very  slowly  to  increase 
in  size.  Some  smaller  sedimentary  particles  were  also 
seen. 

VOL.  I.  fib 
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On  microscopical  examination,  some  of  the  white 
shreds  were  found  to  be  composed  of  comparativclj 
large  masses  of  small,  colourless,  algotd  filaments; 
whilst  others  were  made  up  of  aggregations  of  funpis- 
spores  with  an  abundant  mycelium  which  had  been 
developed  from  them.  The  spores  were  rounded  or 
oval,  thick-walled  bodies,  varying  very  much  in  size. 
The  largest  of  them  were  about  xrnnr"  "^  diameter. 
Some  of  them  were  about  to  germinate,  and  these 
exhibited  a  rudimentary  truncated  outgrowth  at 
one  extremity  ^,  whilst  others  had  germinated  into 
a  fungus  of  the  Fenicillium  type.  In  one  mass  the 
mycelium  had  produced  four  or  five  much  lai^er  to- 
mcnts,  terminating  in  artichoke-like  heads  of  different 
sizes,  bearing  naked  spores  *.     All  gradations  in  size 

*  Some  of  my  critics  speak  of  this  as  a  'hilum/  and  look  upon  its 
presence  as  unmistakeable  evidence  that  the  spore  came  from  a  p»K"i 
Fungus.  At  all  events,  such  a  *hilum  *  is  not  presented  by  TCiyiMDy 
spores,  and  its  absence  from  any  of  them  does  not  seem  reconcilable 
with  this  hypothesis.  Other  evidence  shows  unmistakeably  that  it  is  * 
rudimentary  outgrowth,  representing  merely  the  first  commencement  w 
the  mycelial  filament  which  ultimately  develops. 

■^  Other  critics  seem  to  think  it  impossible  that  such  heads  of  fmctm- 
cation  could  be  developed  in  a  fluid,  and  therefore  express  ominoos 
doubts  about  my  statements,   fungi  of  this  type,  however,  were  dacnbw 
several  years  ago  by  M.  Pouchet  (*  Nouvelles  Experiences/  Ptris,  iS^ 
p.  i8o\  who  says  : — *  Parmi  les  esp^ces  submergees,  cclle  k  laqudl^l' 
donne  le  nom  de  PenicilUum  submersum  est  assur^ment  la  plus  cot^* 
niune.    Elle  ofTre  un  myc<51ium  h  filaments  tr^s-fins,  trhs  long,  lame"*' 
articules,  fislulcux.     Les  pedicellcs  sont  simples,  excessivcment  gr^*** 
articules,  long  et  ofirent  cinq  k  six  cloisons.      Ije  pinceau  terminal  ^ 
petit,  peu  rameux,  et  produit  une  <5norme  quantity  de  spores  arrondic*- 
....  Cette   cspece  n'est   nullement   decrite,  ni  dans  les  auvrcs  ^ 
BuUiard,  ni  dans  celles  de  Paulet  ou  de  Corda.' 
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appearance  existed  between  the  algoid-lookiog 
lents  and  those  which  were  more  obviously  of  a 
;IiaI  nature. 


u  found  in  a  Solution  contiining  Ammoaic  Tartrate  and  So 
iiphate.     Transitions  between  small  Confcrva-Uke  filainents  and 
1-developed  Mycelium.   (  n  600.) 

small  number  of  granules  and  particles  of  various 
»  were  seen,  though,  as  in  the  last  solution, 
:  was  nothing  resembling  a  Bacterium,  Spherules 
h  seemed  to  represent  different  stages  in  the 
lopment  of  the  fungus-spores  were  met  with, 
ng  in  size  from  that  of  an  almost  inappreciable 
t  to  that  of  the  perfect  spore — which  itself 
:d  considerably  in  size  even  at  the  time  that  it 
a  to  germinate.  In  one  of  these  fungus-spores 
h  was  about  halfgrown,  the  nuclear  particle  within 
B  b  2  J 
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was  seen  actively  moving  from  end  to  end  of  the 
cell. 

Experiment  6.  A  flask  containing  a  saturated  solution 
of  ammonic  tartrate  and  sodic  phosphate,  prepared  in 
the  same  manner  as  the  last  solution  and  at  the  same 
time,  though  opened  on  the  thirty-fifth  day,  yiddcd 
no  organisms  of  any  kind. 

Experiment  7.  A  closed  flask  containing  a  solution 
of  ammonic  acetate  and  sodic  phosphate  was  opened 
forty-two  days  after  it  had  been  hermetically  sealed. 

The  solution  during  this  time  had  shown  no  signs  of 
deposit,  turbidity,  or  pellicle,  and  on  microscopical 
examination  of  the  fluid,  no  organisms  of  any  kind  were 
discovered. 


All  the  fluids  in  the  experiments  hitherto  related  were 
subjected  to  a  temperature  of  2i2°F.  It  has  been  pre- 
viously ascertained  that  none  of  the  lower  organisms 
which  had  been  so  treated  and  afterwards  examined  were 
able  to  survive  an  exposure  for  a  few  seconds  to  such  a 
degree  of  heat.  They  had  nearly  all  been  destroyed,  in 
fact,  at  a  temperature  many  degrees  short  of  this^  Many 
different  kinds  of  organisms  have  been  submitted  to 
this  test,  and  without  the  occurrence  of  any  exceptions- 

»  See  pp.  325-33<5. 

'  No  exceptions,  that  is,  amongst  such  organisms  as  are  met  ^ith  w 
infusions.  The  only  known  exceptions  to  that  rule  being  met  with  in 
the  case  of  seeds,  naturally  provided  with  a  hard  testa,  which  had  under- 
gone an  extreme  amount  of  desiccation  (see  p.  314,  note  i). 
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gree  of  heat  has  always  proved  fatal  to  them, 
therefore,  on  the  one  hand,  at  the  uniformity 
perimental  evidence,  which  has  itself  extended 
de  basis,  and  on  the  other,  at  the  comparative 
;y  in  fundamental  nature  and  property  existing 
all  the  lowest  kinds  of  living  things — which 
st  wholly  made  up  of  a  more  or  less  naked 
itter  or  protoplasm — it  is  only  reasonable  for  us 
de,  until  direct  evidence  can  be  adduced  to  the 

that  that  which  holds  good  for  the  many 
exception,  may  prove  to  be  a  rule  of  universal 
>n.  Therefore  it  was  that  the  commission 
1  by  the  Socie'td  de  Biologie  (and  M.  Pasteur 
or  a  long  time)  assumed  that  none  of  the  lower 
>rganisms  could  survive  in  a  fluid  which  was 
a  temperature  of  2i2**F. 

idence  has  as  yet  been  adduced  which  is  capable 
ig  the  validity  of  this  conclusion,  so  that  the 
ints  just  related  afford  strong  evidence  in  favour 
*w  that  the  organisms  found  in  my  experimental 
re  there  evolved  de  novo.  Other  experiments 
;ative  results,  in  the  face  of  these,  cannot  prove 
issibility  of  such  a  mode  of  evolution.  And  yet 
riments  of  Schwann  and  others  were  deemed  by 

have  conclusively  upset  the  doctrines  of  the 
lists.  The  particular  fluids  with  which  they 
rnted  were  only  exposed  to  a  temperature  of- 
ut  they  worked  under  a  set  of  conditions  which 
Idered  by  many  to  be  particularly  adverse  to  the 
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occurrence  of  fermentation,  so  that  they  often  found 
no  organisms  when  their  flasks  were  opened.  But  oo 
subjecting  other  experimental  fluids  to  the  same  tem- 
perature, though  exposing  them  subsequently  to  quite 
different  conditions — supposed  by  myself  to  be  more 
favourable  for  the  occurrence  of  fermentative  changes 
— I  do  find  organisms  in  the  fluids  when  the  flasks  are 
opened. 

It  must  then  never  be  lost  sight  of  that  the  negative 
results  of  Schwann,  M.  Pasteur,  and  others,  may  be  only 
applicable  to  the  particular  fluids  and  the  particular 
conditions  under  which  they  worked;  but  the  multi- 
tudes of  positive  results  legitimately  obtained  by  myself 
and  other  experimenters,  must  have  a  most  important 
bearing  upon  the  settlement  of  the  general  doctrine. 

As  previously  stated,  M.  Pasteur  himself  for  a  long 
time  obtained  only  negative  results  in  repeatii^  the 
experiments  of  Schwann.  In  his  earlier  investigations 
he  had  generally  made  use  of  '  Teau  de  levure  sucree, 
of  urine,  or  of  some  other  fluid  which  was  naturally 
unfitted  to  undergo  fermentative  changes  of  marked 
intensity,  or  even  to  nourish  the  higher  infusorial  organ- 
isms ^.    But  there  came  a  time  when  M.  Pasteur  chanced 

*  Whether  the  organisms  found  in  a  given  fluid  have  been  actuiUJ 
produced  therein,  or  have  only  undergone  development  in  it,  we  may* 
for  the  sake  of  argument,  measure  the  evolutional  capacity  of  a  flw<J  ^1 
the  amount  and  kinds  of  organisms  which  are  produced  in  a  gi^ 
quantity  of  it,  in  a  definite  time,  and  at  a  given  temperature.  We  cer- 
tainly must  not  judge  of  the  evolutional  qualities  of  a  fluid  by  its  mcr« 
tendency  to  emit  a  bad  odour  in  a  short  space  of  time.    A  certain  ^'^ 
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3  repeat  his  experiments,  using  precisely  the  same  pre- 
autions  as  before,  and  yet  the  results  were  quite 
lifitrent — organisms  were  now  found  in  his  solutions, 
rhere  was  one  important  difference,  it  is  true.  In 
hcse  latter  experiments,  M.  Pasteur  had  made  use  of 
nilk.  Now  the  quantity  of  organic  matter  contained 
n  milk  is,  of  course,  very  great ;  it  is  a  highly  nutritive 
*d  complex  fluid.  It  might,  therefore,  and  ought,  per- 
■^ps,  to  have  suggested  itself  to  M.  Pasteur  that  the 
ifierent  results  of  his  later  experiments  were  possibly 
^licable  on  the  supposition  that  the  restrictive  con- 
itions — the  boiling  of  the  solution,  and  the  closed 
^ssel  akeady  containing  air — were  too  potent  to  be 
'ercome  by  the  organic  matter  in  the  one  solution, 
^st  they  were  not  too  potent,  and  could  not  prevent 
tmentative  changes  taking  place  in  that  of  the  other. 

drine,  for  instance — judged  by  these  qualities,  may  be  disagreeably 
brescible,  though  its  evolutional  tendencies  may  be  quite  low.  By 
jiy  experimenters  this  difference  has  not  been  appreciated,  and  they 
m  to  imagine  that  in  employing  urine  they  make  use  of  a  fluid  which 
rcry  favourable  for  such  experiments — forgetting,  apparently,  that  urine 
in  effete  product  containing  comparatively  stable  compounds,  which 
re  already  done  their  work  in  the  body.  It  may  after  a  short  time 
aumi  with  Bacteria,  and  these  may  be  followed  by  fungi ;  but  there  is 
comparison  even  as  to  the  actual  quantity  of  these  organisms,  that 
y  be  developed  in  equal  amounts  of  milk  and  urine  respectively — 
en  both  are  exposed  to  the  air  for  the  same  time  in  similarly- 
iped  vessels,  and  under  the  same  bell-jar.  The  milk  soon  becomes 
ually  solid  with  fungus  growths.  M.  Pasteur's  M'eau  de  levdre 
ar^*  by  his  own  confession  (loc.  cit.  note,  p.  58),  is  never  found  to 
itain  any  of  the  higher  ciliated  infusoria,  and  though  it  produces 
igi,  they  are  met  with  in  much  smaller  quantity  than  in  an  equal  bulk 
milk  under  similar  conditions. 
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For  if,  in  accordance  with  the  belief  of  the  evolutionists, 
different  organic  fluids  have  different  initial  tendencies 
to  undergo  fermentation  (leading  to  the  evolution  of 
living  things),  it  may  be  easily  understood,  that  as  the 
conditions  favourable  to  fermentation  are  more  and  more 
restricted,  certain  of  these  fluids  may  altc^ether  cease 
to  undergo  such  changes,  others  may  manifest  them  to 
a  meagre  extent,  and  others  still,  only  a  little  more 
fully  ^  When  subjected  to  a  pressure  of  one  atmo- 
sphere, do  we  not  find  that  water  boils  at  ai2°f) 
alcohol  at  i73°F,  and  ether  at  96°??     The  restric- 

• 

tive  condition,  or  atmospheric  pressure,  is  here  m 
each  case  the  same,  only,  having  to  do  with  differ- 
ently constituted  fluids,  it  is  natural  enough  to  look  to 
diff^erent  results  under  the  influence  of  like  incident 
forces.  Ether  raised  to  a  temperature  of  icxj'F  would 
rapidly  disappear  in  the  form  of  vapour,  though  no  such 
result  would  follow  the  heating  of  water  to  the  same 
extent.  And  similarly,  whilst  milk  might  be  capable  of 
yielding  organisms  in  Schwann's  apparatus,  another fluiu 
less  rich  in  organic  matter  might  fail  to  do  so.  It  seems 
almost  incredible  that  such  considerations  should  not 

*  Referring  to  repetitions  of  Spallaiizani*s  experiments  made  in  concert 
with  Prof.  Oehl,  Prof.  Cantoni  says  (Gaz.  Mtd,  Ital.  Lombard.  I  ^ 
1868): — 'E  in  fatto,  preparando  divcrsi  palloni,  egualmente  scal(i»ti* 
100'',  con  sugo  di  came  a  vario  grade  di  diliuione,  riconoscemino  cbc 
mentrc  in  alcune  s*  aveva  un  pronto  e  ricco  sviluppo  di  infusoij,  in  al^ 
esso  era  tardo  e  scarso,  ed  in  altre  ancora  mancava  affatto  ancor  dopo 
molti  giomi  dalla  preparazione/  And  even  the  strongest  solution  will 
yield  similarly  var>'ing  results,  when  exposed  to  successively  lower  atmo- 
spheric temperatures. 
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have  suggested  themselvw-s  to  M.  Pasteur ;  but  yet  we 
have  no  mention  of  them,  or  any  evidence  that  they  had 
been  considered  \  He  explains  the  discrepancy  between 
his  earlier  and  his  later  experiments  by  reference  to  a 
completely  different  supposition,  and,  as  on  other  occa- 
sions, he  does  not  even  suggest  to  the  reader  that  any 
diflfcrent  explanation  is  possible  from  that  which  he 
adduces.  He  at  once  assumes  that  the  Bacteria  and 
^thtMes  which  were  ultimately  found  in  the  milk  used 
in  these  experiments  had  been  derived  from  '  germs '  of 
Such  organisms  which  either  preexisted  in,  or  had  ob- 
tained access  to  this  fluid  before  it  had  been  heated, 
and  also  (contrary  to  the  general  rule  which  had  been 
previously  admitted)  he  assumed  that  such  supposed 
preexisting  germs  were  capable  of  resisting  the  influ- 
ence of  the  heat  which  causes  milk  to  boil.  No  direct 
proof  of  the  latter  assumption  was  ever  attempted, 
though  M.  Pasteur  did  afterwards  endeavour  to  bring 
the  cases  in  which  organisms  were  to  be  met  with 
under  a  general  law :  he  supposed  that  the  results  ob- 
tained were  due  to  the  absence  of  acidity  in  the  fluids 
employed.  Neutral  or  slightly  alkaline  fluids  might 
yield  positive  results  in  repeating  Schwann's  experi- 
ments, because,  as  he  alleged,  the  'germs*  of  Bacteria 
and  Viiriemes  were  not  destroyed  by  the  temperature  of 
2ia*^F  in  such  fluids. 

'  The  ezperhnents  and  reasonings  to  -which  I  now  allude  are 
detailed  in  pp.  58-66  of  M.  Pasteur*s  Memoir  (*  Ann.  de  Chim.  et  de 
Phyt.'  x86j). 
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Such  was  the  very  definite  statement  made  by  M. 
Pasteur  on  the  faith  of  a  chain  of  evidence  of  whkh 
almost  every  link  is  ambiguous.  He  did  not  even 
allude  to  the  desirability  of  making  direct  observations 
upon  this  subject.  They  lend  not  the  least  support 
to  his  assumption,  however ;  on  the  contrary,  they  go 
to  confirm  the  rule  which  had  hitherto  been  generally 
admitted,  as  to  the  inability  of  any  of  these  lower 
organisms  to  live  after  an  exposure  for  even  a  few 
seconds  in  a  fluid  raised  to  a  temperature  of  an'^F. 
I  have  again  and  again  boiled  neutral  and  alkaline 
infusions  containing  very  active  Bacteria  and  Vihinti^ 
and  the  result  has  always  been  a  more  or  less  complete 
disruption  of  the  Vihriones^  and  the  disappearance  of 
all  unmistakeable  signs  of  life  in  the  Bacteria^.  All 
their  peculiarly  vital  movements  have  at  once  ceased, 
and  it  has  been  shown  by  the  evidence  detailed  in  the 
last  chapter,  that  these  organisms  and  any  ^  germs/ 
visible  or  invisible  %  by  which  they  multiply,  have  been 
really  killed  by  an  exposure  to  even  a  much  lower 
degree  of  heat. 

*  The  results  with  neutral  hay  infusions  have  not  seemed  to  differ  at 
all  from  those  which  were  obtained  with  slightly  acid  turnip  infusions, 
or  solutions  of  amraonic  tartrate  and  sodic  phosphate.  See  p.  318  and 
p.  33 2,  note  I .  It  seems  a  vague  supposition  to  imagine  that  either Baf/<nfl 
or  Vibriones  have  germs  which  are  in  any  way  differently  endowed  from 
themselves.  In  common  with  other  primitive  living  things,  they  are 
only  known  to  multiply  by  fission  or  gemmation.  The  separated  por- 
tions, however  minute,  would  always  resemble  the  parent  structure,  of 
which,  indeed,  they  are  unaltered  fragments. 

*  Sec  p.  332. 
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KL  Pasteur  approached  the  solution  of  the  discrepancy 
I  this  way.  His  attention  was  arrested  by  the  fact 
lat  milk  was  an  alkaline  fluid,  because  he  afterwards 
soeitained  that  other  alkaline  fluids  also  yielded  posi- 
ive  results  when  submitted  to  the  conditions  involved 
a  Sdiwann's  experiments.  But  having  satisfied  him- 
elf  of  this,  it  was  necessary  for  M.  Pasteur  to  ofFer  some 
splanation,  if  he  was  not  prepared  to  yield  his  assent  to 
he  doctrine  which  he  had  formerly  rejected.  He  soon 
bund,  truly  enough,  that  the  mere  alkalinity  or  acidity 
rf  the  solution  was  a  matter  of  great  importance  in 
these  experiments;  he  ascertained,  for  instance,  that 
bis  sweetened  yeast-water,  naturally  a  faintly  acid  fluid, 
•^as  always  unproductive  when  submitted  to  Schwann's 
conditions  unaltered,  though  it  was,  on  the  contrary, 
^ways  productive  if  it  had  previously  been  rendered 
cuutral  or  slightly  alkaline  by  the  addition  of  a  little 
c^arbonate  of  lime.  Facts  of  this  kind  were  observed  so 
frequently  as  to  make  him  come  to  the  conclusion  that 
Mrhilst  acid  solutions  were  never  productive  in  Schwann's 
apparatus,  any  neutral  or  alkaline  fluids  might  be,  if 
Ihey  were  otherwise  suitable  for  such  experiments. 
Then  came  the  question  as  to  how  this  was  to  be 
explained. 

It  should  be  remembered  that  M.  Pasteur  was  en- 
gaged in  investigating  the  problem  of  the  mode  of 
origin  of  certain  low  organisms  in  organic  fluids,  con- 
:eming  which  so  much  controversy  had  taken  place. 
In  this  controversy  hitherto,  it  had  been  contended  on 
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the  one  hand,  that  the  living  things  met  with  derived 
their  origin  from  pre-existing  *germs*that  had  survived 
all  the  destructive  conditions  to  which  the  media  sap- 
posed  to  contain  them  had  been  subjected  ^  whilst,  oa 
the  other  hand,  it  was  contended  that  if  the  media  had 
been  subjected  to  conditions  which  (by  evidence  the 
most  direct  and  positive)  had  been  shown  to  be  d^ 
structive  to  the  lowest  living  things,  then  any  such  living 
things  as  were  subsequently  discovered  in  these  fluids 
must  have  been  evolved  de  novo.     It  was  a  question, 
therefore,  on  the  one  hand,  as  to  the  degree  of  *  vital* 
resistance  *  to  heat  which  might  be  displayed  by  the 
lowest   living   things;   and   on   the   other,  as  to  the 
strength  of  the  tendency  in  the  organic  matter  of  the 
solution  to  undergo   changes  of  a   fermentative  cha- 
racter, coupled  with  the  degree  to  which  this  molecular 
mobility  could  persist  in  spite  of  the  disruptive  agency 
of  the  heat   to  which  the  organic   matter  had  been 
subjected.     Whatever  fluids  are  employed,  if  after  they 
have  been  boiled  and  exposed  to  a  given  set  of  con- 
ditions, organisms   are    not    found,  their   absence  is 
explicable  in  one  of  two  ways — that  is,  in  accordance 
with  either  of  the  two  opposing  views.    Either  the  heat 
has  proved  destructive  to  all  living  things  in  the  solu- 
tions; or  else  the  restrictive  conditions  to  which  the 
organic  matter  in  these  solutions  has  been  exposed  have 
been  such  as  to  prevent  the  occurrence  of  fermentative 
changes.     Any  person  seriously  wishing  to  ascertain  the 
truth,  and  competent  to  deal  with  such  a  subject,  of 
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course,  would  not  fail  to  see  that  he  was  bound  to  give 
equal  attention  to  each  of  these  possibilities.  He  would 
bave  no  right  to  assume  that  the  probabilities  were 
greater  in  fevour  of  the  one  mode  of  explanation  than 
tiicy  were  in  favour  of  the  other;  this  was  the  very 
subject  in  dispute — ^this  it  was  which  had  to  be  proved. 
When,  therefore,  it  was  definitely  ascertained  by  M. 
Fasteur  that  acid  solutions  employed  in  Schwann's  ex- 
periments yielded  negative  results  as  far  as  organisms 
Were  concerned,  the  establishment  of  this  fact  was  in 
reality  no  more  favourable  to  the  one  view  than  to  the 
other.  It  is  what  the  panspermatists  might  have  ex- 
pected, it  is  true,  because — regarding  it  only  as  a 
Question  of  the  destruction  or  non-destruction  of  germs 
-*-cven  they  had  convinced  themselves  that  calcining 
the  air  and  boiling  the  fluids  were  adequate  to  destroy 
all  living  things  contained  in  these  media.  But  on  the 
other  hand,  it  was  equally  open  to  the  evolutionists  to 
say,  that  the  restrictive  conditions  employed  were  so 
severe  that  they  also  were  not  surprised  at  the  fermen- 
tative changes  being  stopped  and  at  the  consequent 
non-appearance  of  organisms  in  the  solutions.  When 
positive  results  were  obtained,  however,  the  case  be- 
came altogether  diflFerent.  The  rule  with  regard  to  the 
inability  of  living  things  to  survive  in  solutions  which 
had  been  raised  to  the  boiling  temperature  for  a  few 
minutes  was  absolute,  so  far  as  it  had  gone,  and  being 
founded  on  good  evidence,  to  which  M.  Pasteur  and 
others  had  assented,  no  one  should  have  attempted  to 
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set  it  aside,  except  upon  evidence  equally  direct  aai 
equally  positive,  though  more  extensive  than  that  upon 
which  the  rule  bad  been  originally  founded.   Ceitainlj, 
no  one  should  have  attempted  to  set  it  aside  on  the 
strength  of  indirect  evidence,  which,  though  qually 
capable  of  explanation  in  accordance  with  either  ooc  of 
the  two  opposing  views,  was  tacitly  represented  to  be 
explicable  only  in  accordance  with  one  of  them.   Sudi, 
however,  was  the  course  pursued  by  M.  Pasteur.  It  will, 
perhaps,  scarcely  be  credited  by  many  that  the  invcstig^ 
tions  of  M.  Pasteur,  which  have  had  so  much  influence, 
and  which  have  been  looked  upon  by  many  as  models  of 
scientific  method,  should  really  contain  such  fallacies 
On  other  important  occasions,  however,  his  reasoning 
has  been  similarly  defective,  though  he  himself  claimed 
and  was  believed  by  many  to  have  *  mathematically  de- 
monstrated '  what  he  had  so  plausibly  appeared  to  prove. 
In  the  present  case,  after  his  experiments  with  milk 
in  Schwann's  apparatus,  M.  Pasteur  ascertained  that  in 
other  alkaline  or  neutral  fluids,  even  when  they  had 
been  subjected  to  all  the  conditions  above  mentioned, 
inferior  organisms  might  be  found  more  or  less  quickly* 
But  he  also   discovered   that  even   such  solutions  no 
longer  yielded  organisms,  if  instead  of  being  subjected 
to   a   heat  of   2i2°F  they   were   exposed   for  a  few 
minutes  to  a  temperature  of  230°F.    And  it  was  on  the 
strength  of  two  or  three  other  links  of  such  evidence 
as  this  that  M.  Pasteur  sought  to  upset  the  rule  with  ^^ 
gard  to  the  inability  of  inferior  organisms  to  resist  the 


destructive  influence  of  a  moist  temperature  of  2i2°F. 

On  such  evidence  as  this  he  attempted  to  raise  the 

possible  limit  of  vital  resistance  by  iST,  and  sought 

to  establish  the  rule  that  living  organisms  might  survive 

in  neutral  or  alkaline  solutions,  which  had  been  raised 

to  any  temperature  short  of  230  F.    He  did  not  seem 

to  appreciate  the  fact  that  he  ha<i  less  warrant  for  the 

assumption  that  the  organisms  met  with  in  these  neutral 

or  alkaline  fluids  had  been  derived  from  'germs'  which 

had  resisted  the  temperature  of  zia^F,  than  he  or  his 

opponents  would  have  had  in  falling  back  at  once  upon 

the  counter  assumption,  that  the  evolutional  tendencies 

of  neutral  or  alkaline  fluids  exposed  to  high  temperatures 

Were  greater  than  those  of  similar  fluids  when  in  an 

add  state';   such  neutral  or  alkaline  fluids  being,  as 

^^  now  seen,  capable  of  overcoming  the  restrictive 

conditions  in  Schwann's   experiments  and  of  giving 

1  This  omission  on  the  part  of  M.  Pastear  is  all  the  more  remarkable 
in  the  &ce  of  facts  which  must  have  been  well  known  to  such  an  accom- 
plished chemist.  Thus,  Gerhardt  says  ('Chiraie  Organiquc,*  t.  iv.  p. 
547)- —  'Beaucoup  de  matiercs  qui  seules  ou  \  I'tilat  humido  no 
s'oxydent  pas  k  Tair,  ^prouvcnt  nne  combustion  dts  qu'cllcs  sc  trouvcnt 
en  contact  avec  un  alcali.  Ainsi  I'alcohol  \\mt  sc  conserve  u  I'air  ind<5rmi- 
ment  et  sans  s'aigrir;  mais.  si  Ton  y  verse  un  pcu  dc  potasse.  il  ahsorbe 
promptement  de  I'oxyg^ne  et  se  convcrtit  en  vinaifije  ct  en  une  mativre 
Imme  rdsineuse.  II  est  dair,  d'apres  ccla.  que  la  potassc  doit  favoriser 
certaincs  fermentations,  puisqu'elle  favorisc  Tabsorption  de  I'oxygbne  ct 
que  la  presence  de  cclui-ci  d^veloppe  les  ferments.*  He  also  says  (loc. 
dt  p.  556): — ^'On  sait,  que  les  viandes  et  les  substances  v^getales 
marines  dans  le  vinaigre  sont  preser\-ucs  de  la  d<'composition,  au  moins 
pour  mi  oertain  temps  ....  La  plupait  des  acidcs  produiscnt  le  mcme 
eflet  qne  le  Tinaigre.' 
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birth  to  organisms,  by  permitting  the  occurrence  rf 
life-evolving  changes  amongst  the  colloidal  molecules 
contained   therein.     He  had  less  right  to  explain  tk 
facts  as  he  did,  than  the  evolutionist  would  have  had  to 
explain  them  as  above  mentioned,  because  in  so  doing 
he  was  attempting  to  upset  previously  admitted  6ctJ> 
on  insufficient  evidence,  whilst  the  reasonings  of  the 
evolutionist  would  have  been  in  every  way  legitimate. 
And  yet  M.  Pasteur  left  his  readers  to  imagine  that  the 
explanation  which  he  had  adduced  was  that  which  was 
alone  admissible ;  he  did  not  refer  to  the  existence  of 
any  other  mode  of  explanation,  but  at  once  attemptai 
to  set  aside  the  old  rule.     And  similarly,  when  he  as- 
certained that  such  alkaline  or  neutral  fluids  were  no 
longer  found  to  contain  organisms  if  they  had  been     | 
previously  submitted  to  a  temperature  of  230' F,  he  was 
entitled  to  draw  no  conclusion  from  such  facts.    Never- 
theless, M.  Pasteur  did   assume  that  such  ambiguous 
evidence  entitled  him  to  come  to  the  conclusion  that  the 
hypothetical  'germs'  contained    in   these   solutions— 
those  which  were  not  killed,  as  he  supposed  by  a  tem- 
perature of  2 1 2°  F— were  destroyed  by  a  temperature 
of  230T.     Such  two-faced  evidence  is,  however,  worth- 
less   for    raising   the    standard  of    '  vital    resistance 
to  heat ;  and  to  ignore  the  possible  differences  which 
may  exist,  from  the  evolutionist's  point  of  view,  be- 
tween   acid    and    alkaline    solutions,    as    M.  Pasteur 
did,  is   about   as   reasonable   as   if  he   had   imagined 
that  because  water  does  not  boil  at  the   temperaturw 
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the  same  rule  must  necessarily  hold  good 

idencc,  indeed,  can  be  brought  forward  to 
even  at  ordinary  temperatures,  and  under 
in  which  there  is  a  moderately  free  exposure 
(and  where  there  is  therefore  every  facility 
trance  of  germs),  organisms  are  not  only 
.  neutral  or  slightly  alkaline  solution  more 
it  they  are  found  to  exist  in  it  in  much 
iety  than  in  solutions  which  are  slightly  acid, 
r  respects  similar.     Any  of  the  higher  forms 

Infusoria  may  appear  in  different  neutral  or 
:aline  solutions,  though  they  rarely  if  ever 
jmselves  in  those  having  an  acid  reaction, 

developed  or  undeveloped  condition — dead 

ount  of  difference  thatt  is  capable  of  being 
»y  the  mere  acidity  of  a  solution  was  well 
e  a  few  months  ago.  Having  prepared  ^  a 
•"  white  sugar  and  ammonic  tartrate,  with 
titles  of  ammonic  phosphate  and  sodic  phos- 
listilled  water,  whose  reaction  was  found  to 
,  two  similar,  wide-mouthed  bottles,  of  about 
es  capacity,  were  filled  with  this  fluid.     Both 

side  by  side  in  a  tolerably  warm  place,  the 
the  bottles  being  merely  covered  in  each  case 

of  glass — after  glycerine  had  been  smeared 
m  on  which  the  cover  rested.     Although  not 

33,  1869.     The  weather  being  very  cold  and  frosty. 

C    C 


386  THE  BEGINNINGS  OF  UFE. 

hermetically  sealed,  these  solutions  were  thus  sufficiently 
protected,  to  prevent  the  access  of  much  dust  from  the 
neighbouring  fire.    The  fluid  in  one  of  the  bottles  was 
allowed  to  remain  neutral,  whilst  to  that  of  the  other 
four  or  five  drops  of  acetic  add  were  added,  so  as  to 
make  it  yield  a  faintly  add  reaction  to  test  paper.  The 
results  were  quite  diflferent  in  the  two  cases.    Towards 
the  end  of  the  fourth  day  the  originally  unaltered  neutral 
solution  began  to  assume  a  doudy  appearance;  this  io- 
creased  in  amount  during  the  next  day,  and  at  the  close 
of  the  sixth  day  a  thin  pellicle  was  found  on  the  surface? 
and  beneath  it  there  were  some  irregular,  flocculent, 
whitish  masses  buoyed  up  by  small  air  bubbles.  £^' 
amined    microscopically,   the    pellicles    and  also  the 
flocculent  masses  beneath  were  found  to  be  made  up 
of  medium^ized  plastide-partides  and  BacterU^  mi^^ 
with   cr)*stals  of  triple   phosphate.    There  were  also 
many  scattered  cells  of  a  Torwl^y  varying  from  j^  ^ 
t;>o;>7    in  diameter.     By  this  time  (close  of  the  sixth 
day^,  however,  the  companion  solution  which  had  been 
slightly  acidified,  had  undei^ne  scarcely  any  appreciable 
ckingc.     It  i»"as  still  quite  clear  and  transparent,  and 
there  was  no  pellicle  on  the  surface,  though  there  was  a 
very  slight  whitish  flocculent  stratum  at  the  bottom  or 
the  Kettle.     Even  on  the  twenty-first  day  this  solution 
a>ntinued  in  much  the  same  condition — still  showing 
no  trace  of  a  pellicle.     The  fluid  itself  was  dear,  and 
there  had  been  only  a  very  slight  increase  in  the  thick- 
ness of  the  white  flocculent  layer  at  the  bottom  of  the 
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ttle.  This,  on  microscopical  cxamiDation,  was  found 
be  made  up  mainly  of  a  granular  matter  having  no 
finite  character  —  though  a  small  number  of  minute 
t  well-formed  Bacteria  were  mixed  with  it.  The 
id  solution  had  remained  tliroughout  in  the  same 
inn  place,  but  the  bottle  containing  the  neutral  fluid 
dnot  (after  the  examination  on  the  sixth  day)  been  re- 
iced  in  its  original  situation  near  the  fire :  it  had  con- 
lued  since  this  time  in  a  part  of  the  room  altogether 
ay  from  the  fire,  and  yet  when  this  was  also  examined 
the  twenty-first  day,  it  was  found  to  present  a  very 
iidy,  whitish  appearance  throughout.  There  was  also 
hick  flocculent  stratum  at  the  bottom,  and  a  very 
sistent,  well-marked  pellicle  on  the  surface  of  the 
1,  made  up  almost  entirely  of  large  and  well-formed 
^tf-cells. 

Jthough  the  results  here  detailed,  as  occurring  in  the 
tral  and  the  acidified  solutions  respectively,  are  so 
dngly  different,  still  they  are  by  no  means  singular 
eculiar  to  the  particular  kind  of  solution  which  was 
loyed  in  this  experiment.  Phaenomena  essentially 
ilar  in  kind  may  be  observed  when  almost  any  neu- 
or  slightly  alkaline  organic  infusion  is  employed. 
rill  quote  only  one  out  of  many  experiments 
•ing  upon  this  point.  A  short  time  ago,  having 
»ared  a  pretty  strong  infusion  of  mutton,  about  an 
ce  and  a  half  was  put,  after  filtration,  into  each  of 
similar  flasks.  One  portion  of  the  infusion  was 
wed  to  remain  neutral,  whilst  to  the  other  three 
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drops  of  Strong  acetic  acid  were  added,  so  as  to  make 
the  whole  yield  a  faintly  acid  reaction  to  test  payer. 
The  two  flasks  were  then  exposed  side  by  side  to  a 
temperature  of  75®  to  8o°F  during  the  day.    In  twcntj- 
four    hours  the   neutral    solution   was    clouded,  and 
more  or  less  opaque,  whilst  the  portion  whidi  ms 
acid  appeared  perfectly  unchanged.    It  was  as  clear  as 
ever  ^  and  so  it  continued  even  to  the  end  of  fiMty-dgbt 
hours,  although  by  this  time  the  neutral  solution  was 
quite  opaque  and  muddy-looking,  with  a  pellicle  on  its 
surface  and  also  some  flocculent  deposit  at  the  bottom 
of  the  flask.    A  microscopical  examination  of  two  or 
three  drops  of  this  fluid  showed  that  it  was  teeming 
with  plastide-particles,  and  most  actively  moving  ^ 
teria  and  VUrtmes ;  whilst  a  similar  examination  of  the 
acid  fluid,  showed  not  a  trace  of  these  or  of  any  other 
kind  of  organisms  ^ 

The  difference  between  the  results  in  these  two  sets 
of  cases  was  thus  extremely  well  marked,  and  the 
results  themselves  are  well  worth  our  serious  attention. 
We  had  to  do  with  equal  bulks  of  fluid,  placed  under 
similar  conditions  and  similarly  constituted,  with  the 
exception  that  in  each  set  a  few  drops  of  acid  had  been 
added  to  the  one  fluid,  whilst  the  other  was  allowed  to 
remain  neutral.  And  it  must  be  acknowledged  that  the 
difference  encountered  was  very  similar  in  kind  to  that 
which  was  observed  by  M.  Pasteur  when  he  made  use 

*  The  reverse  results,  which  may  be  produced  by  neutralisizig  the 
acidity  of  a  naturally  add  fluid,  will  be  exemplified  further  on. 
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acid,  or  of  neutral  or  alkaline  solutions  respectively, 
repeating  the  experiments  of  Schwann.     But  here 

had  nothing  to  do  with  the  destructive  agency  of 
It,  and  germs  were  as  free  to  enter  or  develop  in  the 
!  solution  as  they  were  in  the  other ;  so  that  the 
ferences  actually  observed  would  seem  now,  at  all 
mts,  simply  due  to  the  different  qualities  of  the 
ds  themselves.  Of  course  such  results  cannot  be 
luced  as  evidence  that  the  evolutional  property  of  the 
itral  solution  was  higher  than  that  of  the  acid  solution, 
nay  not  be  a  case  of  de  novo  origination  at  all,  but 
ply  one  of  growth  and  development.  The  results, 
^ever,  show  plainly  enough  that  the  neutral  solu- 
1  was  the  one  most  favourable  to  the  growth  and 
elopment  of  living  things.    And  if,  starting  from 

iaxX  which  cannot  be  denied,  the  evolutionists  see 
ons  which  induce  them  to  assume  the  possibility 
:  an  actual  origination  of  living  things  may  have 
rn  place  ie  novoy  in  addition  to  mere  growth  and 
*lopment ;  they  would  also  be  likely  to  suppose  that 
neutral  fluid  was  more  favourable  to  such  evolution 
I  that  which  had  been  acidified* — a  supposition  which 

faking  it  only  for  what  it  is  worth,  it  is  at  least  deserving  of 
ion  that  no  reason  seems  assignable  for  the  presence  of  Torula  in 
oe  saline  solution  and  not  in  the  other.  They  were  both  equally 
led  to  the  advent  of  '  germs.'  It  can  scarcely  be  imagined  that 
nsrw/o-germs  obtained  access  to  both  solutions,  but  that  they 
bed  in  that  which  was  faintly  acid,  for,  as  a  matter  of  fact,  Torulct 
Quch  more  frequently  met  with  in  acid  solutions  than  in  those 
li  are  alkaline.  And  for  the  same  reason  one  can  scarcely  imagine 
my  germs  of  Tondm  which  preexisted  in  the  fluids  were  unable  to 
op  in  oae  oftbem  merely  on  account  of  its  sligVil  addiVtf,  ^^ 
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seems  fully  borne  out  by  facts  already  cited.  The 
solution  which  was  found  favourable  for  the  processes  of 
growth  and  development  might  also,  reasonably  enough, 
be  considered  favourable  for  Archebiosis.  A  process 
would  most  likely  be  initiated  where  the  conditions 
were  suitable  for  its  continuance.  And  surely  the  same 
factors  would  be  at  work  in  the  initiation  of  a  living 
thing  that  would  be  called  into  play  during  its  growth. 
The  presumption,  therefore,  is  a  fair  one,  that  solutions 
which  are  favourable  to  the  growth  and  development 
of  certain  organisms,  may  also  be  fevourable  to  the 
occurrence  of  evolutional  changes  which  more  especially 
lead  to  the  initiation  of  such  living  things. 

Seeing,  then,  that  the  question  of  the  occurrence  or 
non-occurrence  of  Archebiosis  is  the  very  matter  in 
dispute,  it  is  certainly  most  imperative  that  all  those 
engaged  in  investigations  bearing  on  the  subject 
should  appreciate  (when  weighing  the  evidence)  that 
these  are  possibilities  whose  probability  ought  to  be 
assumed  as  equal.  We  may  well  be  surprised,  there- 
fore, to  find  such  an  investigator  as  M.  Pasteur  com- 
pletely ignoring  one  of  these  points  of  view,  inter- 
preting all  his  experiments  by  the  light  of  a  foregone 
conclusion,  and  looking  solely  upon  the  diflFerent  solu- 
tions employed,  as  fluids  which  are  destructive  or  not 
destructive  at  a  given  temperature  to  hypothetically- 
existing  « germs.' 

It  should  not  be  understood  that  we  are  to  regard  all 
acid  solutions  as  having  a  low  evolutional  or  fermcn- 


THE  BEGINNINGS  OF  LIFE.  39 1 

^  ^ndency.  On  the  contrary,  evidence  has  already 
^  ^uced  in  this  chapter  to  show  that  some  acid  solu- 
^  ^  most  prone  to  undergo  evolutional  changes  of 
tain  kind.  These  do  not  result  in  the  production 
ving  things  of  a  high  type^  but  rather  in  an  abund- 
of  organisms  of  a  comparatively  low  type.  It  seems 
^  however,  after  careful  observation  and  experi- 
^that  a  neutral  or  slightly  alkaline  solution  to  which 
^  drops  of  acid  have  been  added  is  almost  always 
,  after  a  given  time,  to  pontain  a  notably  smaller 
er  of  organisms  than  an  equal  bulk  of  the  unaltered 
on.  And  conversely,  having  an  acid  solution  whose 
ctiveness  is  known,  the  number  of  organisms  found 
ual  bulks  under  similar  conditions  can  almost 
s  be  notably  increased  in  either  one  of  them  by  the 
addition  of  a  few  drops  of  liquor  fotassa^  so  as  to 
r  it  neutral  or  slightly  alkaline.  This,  as  previously 
;d  out,  may  be  interpreted  as  an  indication  that 
nity  or  neutrality  of  the  fluids  is  more  favourable 
their  acidity  for  the  occurrence  of  fermentative 
es.  And  thus  the  fact  that  organisms  were  never 
rith  when  an  acid  '  eau  de  leviire  sucree '  was  used 
)eating  the  experiments  of  Schwann,  though  they 
met  with,  on  the  contrary,  in  other  experiments 
;  portions  of  this  same  fluid  had  been  used  which 
een  rendered  slightly  alkaline  by  the  addition  of 
,  may  be  explained  without  the  aid  of  that 
sition  which  alone  seems  to  have  occurred  to 
Lsteur. 
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But,  after  reflection  on  this  subject,  it  seemed  to  mc 
quite  within  the  range  of  probability,  that  the  difference 
between   acid  and  alkaline   solutions  as  regards  the 
number  of  organisms  which  are  to  be  found  in  them, 
when    they   have    been    simply   exposed    to  ordinary 
atmospheric  conditions,  might  be  exaggerated  after  they 
had  been  subjected  to  the  temperature  at  which  water 
boils.      It  seemed  quite  possible  that  high  temperatures 
might  be  more  destructive  to  organic  matter  contained 
in  acid   solutions   than  when   it    existed  in  alkaline 
solutions.     Since  the  acid  seems  to  exercise  a  certain 
noxious   influence   even   at  ordinary  temperatures,  so 
it   may   be   conceived    that   this   influence,  whatever 
its  nature,  may  be  increased  in  intensity  with  the  rise 
of  temperature,  and  with  the  consequent  greater  facility 
for  the  display  of  chemical  affinities.     Hot  acids  will 
frequently   dissolve    metals   which   would  remain  un- 
aflFectcd  by  them  at  ordinary  temperatures;  and  chemical 
affinities  generally,  are  notably  exalted  by  an  increased 
amount  of  heat.     Since  the  addition  of  an  acid,  there- 
fore, to  a  previously  neutral  or  slightly  alkaline  flui^ 
containing    organic    matter    in    solution,    appears  to 
alter  its  character  in  some  mysterious  way,  we  may 
assume   that   its  action    upon    the    unstable    organic 
molecules  goes  on  increasing  in  intensity,  as  the  flui^ 
becomes  hotter.    Thus,  when  two  portions  of  a  solution 
containing  organic   matter — the  one  neutral  and  the 
other  acid — have  been  raised  to  a  temperature  of  212' F, 
the  organic  matter  of  the  one  has  been  injured  only 
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^  mere  action  of  heat ;  whilst  that  of  the  other 
^On,  which  has  been  acidified,  has  not  only  had  to 
lit  to  the  deleterious  influence  of  the  high  tcmpc- 
p,  tut  also  to  the  increased  activity  of  the  acid 
liis  temperature.  The  result  would  be  that 
mount  of  diflFerence  existing  between  the  two 
ons  before  they  had  been  heated,  would  be  found 
or  less  increased  after  they  had  been  exposed  to 
igh  temperature,  in  diiect  proportion  to  the 
ise  in  intensity  of  the  action  of  the  acid  produced 
Ji  high  temperature.  What  we  know  concerning 
recipitation  of  albumen  in  urine  is  quite  in 
>ny  with  this  view.  When  albumen  is  present, 
he  fluid  has  an  alkaline  reaction,  mere  boiling 
lot  cause  its  precipitation ;  though,  if  the  reaction 
d  ',  the  albumen  present  would  be  precipitated, 

or  even  before  the  temperature  of  the  fluid 
iised  to  the  boiling  point.     Or  a  similar  result 

have  been  induced  by  the  addition  of  a  small 
ty  of  acid  to  a  portion  of  a  neutral  or  alkaline 
inous  urine,  which  had  just  been  boiled  without 
:ipitation  of  the  albumen  having  been  brought 
Thus  the  addition  or  presence  of  a  small 
ity  of  acid,  in  conjunction  with  an  elevated 
rature,  is  seen  to  be  capable  of  bringing  about 
;  which  cannot  be  produced  by  the  mere  elevated 
lature  alone.      But   the   fact  that  an   isomeric 

vided  this  was  not  due  to  the  presence  of  a  mere  trace  of  niti  ic 


J 


394  ^^^  BEGINNINGS  OF  LIFE, 

transformation  of  albumen  can  be   brought  about  in 
this  way — that  albumen  can  be  transformed  so  as  to  be 
no  longer  capable  of  remaining  in  solution — shows  that 
a  molecular  change  has  been  induced  by  the  influence  of 
the  acid  working  at  high  temperatures,  which  neither  the 
acid  nor  the  heat,  working  alone,  are  capable  of  effecting. 
With   the  view  of  throwing  further  light  on  this 
subject,  I  made  the  following  experiment  on  March 
27,    1870:  —  A    tolerably  strong    infusion   of  white 
turnip  was  prepared  and  subsequently  filtered  ^    This 
had  a  decidedly  acid  reaction.     It  was  then  divided  into 
two  portions,  one   of  which  was  allowed  to  remain 
unaltered,  whilst  to  the  other  a  few  drops  of  ^^ 
potass  £  were  added,  so  as  to  give  the  fluid  a  very  faintly 
alkaline   reaction.     This  addition   produced  a  slight 
alteration,  even  in  the  naked-eye  appearance  of  the 
fluid  J  the  faintly  whitish  opalescence  which  formerly 
existed  disappeared,  and  was  replaced  by  an  equally  &int 
brownish  tinge.     About  an  ounce  of  each  of  the  two 
fluids  was  then  placed  separately  in  two  small  flasks. 
The  fluids  were  not  heated  at  all,  but  a  piece  of  paper 
having  been  placed  loosely  in  the  neck  of  each,  so  as  to 
exclude  dust,   they  were   exposed   side   by  side  to  a 
temperature  varying  from  75=  to  85°  F.     After  twenty- 
four  hours  2,  the  unaltered  acid  infusion  merely  showed 

'  The  turnip  at  this  season  of  the  year  was,  however,  very  poor  and 
dry  as  compared  with  that  which  was  employed  in  some  of  my  earlier 
experiments  (Experiments  2-5)  during  the  ^innter  months. 

'  During  the  whole  of  this  time  the  heat  only  varied  between  the 
limits  mentioned. 
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decided  opalescence  approaching  to  cloudiness ; 

that  which  had  been  rendered  &intly  alkaline 
distinctly  opaque  whitish  colour,  and  there  was 
listinct  pellicle,  covering  more  than  one-half  of 
ace  of  the  fluid.  In  the  three  or  four  succeeding 
?  amount  of  opacity,  of  pellicle,  and  of  deposit 
id  in  both  the  fluids,  though  each  of  these 
ed  to  be  more  manifest  in  the  alkaline  than  in 

solution.  After  a  week,  however,  the  difference 
irccly  appreciable,  though  on   the   whole,   for 

10  weeks  afterwards,  the  quantity  of  new  matter 
to  be  greater  in  the  alkaline  than  in  the  acid 

)n  the  same  morning  that  these  two  portions  of 
[  and  alkaline  infusions  had  been  set  aside  for 
don,  I  had  placed  with  them  vessels  containing 
ler  specimens  of  the  same  fluids.  These  had 
eviously  treated  in  the  following  manner.  The 
d  the  alkaline  fluid  were  placed  in  their  re- 
\  flasks,  and  after  the  necks  of  these  had 
awn  out  the  fluids  were  boiled  for  ten  minutes, 
expiration  of  this  time,  and  whilst  ebullition 

11  continuing,  the  drawn-out  necks  of  the 
^ere  hermetically  sealed  in  the  blow-pipe  flame, 
xperiments  were  undertaken  in  order  to  show,  by 
[son  with  the  other  two,  whether  the  difference 
d  by  mere  acidity  or  alkalinity  of  the  solutions 
temperatures  was  or  was  not  intensified  by  the 
of  heat.    The  flasks  were  all  suspended  in  a 


396  THE  BEGINNINGS  OF  UFE, 

group  at  the  same  time,  and  were,  thenceforward, 
subjected  to  the  same  temperature.  The  results  were 
as  follows:  After  twenty-four  hours  the  slightly  alkaline 
fluid  which  had  been  boiled  showed  a  slight  thougii 
decided  opalescence  j  it  was,  in  feet,  very  similar  in 
appearance  to  the  acid  solution  which  had  not  been 
boiled.  The  boiled  acid  solution  was,  however,  as 
clear  as  when  the  flask  was  first  suspended,  and  it 
remained  apparently  quite  unaltered,  after  it  had  been 
suspended  a  week ;  though  the  boiled  alkaline  solution 
had  by  this  time  become  decidedly  opaque,  and  also 
showed  some  flocculent  matter  lying  at  the  bottom  of 
the  vessel.  And  after  they  had  been  suspended  rather 
more  than  three  weeks,  the  acid  solution  still  remained 
almost  transparent,  presenting  only  the  faintest  cloudi- 
ness, though  with  no  pellicle  or  deposit  at  the  bottom^ 
The  boiled  alkaline  fluid,  however,  exhibited  a  totally 
different  appearance  j  it  was  whitish  and  quite  opaque, 
there  was  a  very  thick  pellicle  covering  part  of  its 
surfece,  and  also  some  whitish  sediment  at  the  bottom 
of  the  flask. 

Thus  the  difference  which  already  exists  between 
alkaline  and  acid  solutions  at  ordinary  temperatures  was 
seen  to  be  most  notably  intensified  after  similar  alkaline 
and  acid  solutions  have  been  raised  to  a  temperature  of 

^  This  solution  was,  therefore,  much  more  backward  in  ezhibitiBg 
signs  of  change  than  were  the  others  which  had  been  used  in  ExpcR' 
ments  i  to  5 — a  difference  piobably  explicable  by  the  poorer  quality  of 
the  turnip  used  in  this  last  experiment  (see  p.  394,  note  1). 
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®  F,  And  whilst  these  differences  tend  strongly  to 
firm  the  truth  of  the  mode  of  explanation  which 
lave  suggested  of  the  discrepancies  observed  by 
P^teur  when  he  repeated  Schwann's  experiments 
h  acid  and  alkaline  organic  infusions  respectively, 
y  may  also  be  considered  to  strengthen  the  pro- 
dlities  in  favour  of  my  assumption  that  an  acid 
d  is  less  prone  to  undergo  those  molecular  changes 
ich  lead  to  the  evolution  of  living  things,  than 
laid,  otherwise  similar,  whose  reaction  is  neutral 
fiiintly  alkaline.  And  yet,  this  explanation  was 
erly  ignored  by  M.  Pasteur ;  he  leads  his  readers  to 
icve  that  the  before-mentioned  discrepancies  were 
piicable  only  in  one  way;  and  he  moreover  illogically 
tmpted  to  set  aside  a  rule,  concerning  the  limits  of 
ital  resistance '  to  different  degrees  of  heat,  to  which 
had  previously  assented,  on  the  strength  of  evidence 
ich  was  most  ambiguous  and  inconclusive. 
One  finds  M.  Pasteur,  as  a  chemist,  engaging  him- 
f  in  a  controversy  concerning  one  of  the  most  im- 
rtant  questions  in  the  whole  range  of  biological 
cnce;  and  yet  he  assumes  the  attitude  of  a  man 
K)  is  so  convinced  beforehand  of  the  error  of  those 
ware  of  the  opposite  opinion,  that  he  will  not  abide 
ordinary  rules  of  fairness ;  he  will  not  even,  at  first, 
5ume  the  possibility  of  the  truth  of  the  opinions  which 
5  opposed  to  his  own.  Ambiguous  evidence  is  ex- 
lined  as  though  it  were  not  ambiguous ;  conclusions 
sed  upon  good  evidence  arc  attempted  to  be  set  aside 
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in  favour  of  conclusions  based  upon  evidence  whidi  is 
comparatively  worthless :  and,  by  such  illogical  metfaod^ 
M.  Pasteur  proclaims  that  he  has  ^mathematicallj 
demonstrated'  the  truth  of  his  own  views.  Un- 
fortunately for  the  cause  of  truth,  many  have  been 
only  too  much  blinded  by  his  skill  and  precision  as  % 
mere  experimenter. 

An  attempt  has  been  made  to  show  the  incoo- 
clusiveness  of  M.  Pasteur's  mode  of  reasoning  on  this 
point,  principally  with  the  view  of  preventing  similar 
deductions  being  drawn  from  observations  and  experi- 
ments of  the  same  nature  by  subsequent  workers.  Other- 
wise it  would  not  have  been  at  all  necessary.  For  so 
far  from  there  being  any  truth  in  M.  Pasteur's  assump- 
tion that  Bacteria  and  their  germs  are  not  killed  in 
slightly  alkaline  or  neutral  fluids  raised  to  a  temperature 
of  i&i2°Fj  we  have  found  that  experiment  and  observa- 
tion alike  seem  to  show  that  they  are  killed  when 
such  fluids  are  raised  for  two  or  three  minutes  to  a 
temperature  of  i40°F.  Nay,  more,  taking  M.  Pasteur 
even  upon  his  own  ground — using  boiled  acid  infusions, 
in  which  he  admits  that  all  germs  of  preexisting  lifc 
are  killed — we  find,  nevertheless,  as  others  have 
found,  that  such  infusions,  contained  within  heated 
and  hermetically-sealed  flasks,  will  speedily  become 
turbid,  owing  to  the  presence  of  multitudes  of  living 
organisms. 

There  being  no  valid  reasons,  therefore,  for  our  belief 
in  the   assumption   that   Bacteria^  VitrtomeSy  and  their 
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mns,  are  not  killed  in  slightly  alkaline  or  neutral 
□lutions  which  have  been  boiled,  very  many  of  the 
izperiments  of  M.  Pasteur  with  such  fluids  may  be  cited 
imoi^t  many  others  by  Schwann,  Mantegazza,  Pou- 
diet,  Joly,  Musset,  Wyman,  Hughes  Bennett,  Child, 
Cantoni,  and  other  experimenters,  in  addition  to  those 
recorded  in  the  present  work,  as  testifying  to  the 
reality  of  the  process  of  Archcbiosis,  and  to  the  erro- 
neousness  of  the  doctrines  concerning  Fermentation, 
of  wfaidi  he  is  the  advocate. 


CHAPTER  X. 

PHYSICAL   AND   VITAL   THBOROS   OF   FKRMENTATIOK. 

Questions  as  to  Cause  of  Fermentation  and  Origin  of  Life  intimate!/ 
associated.  Pasteur*s  researches  undertaken  to  establish  a 'vital 
theory*  of  Fermentation.  Fermentible  substances  and  FcrJWts. 
Nature  of  latter.  Doctrine  of  Liebig  and  others.  Influence  of  the 
discovery  of  the  yeast-plant.  Vital  theories  of  Schwann.  Pastenr, 
and  others.  Upholders  of  Physical  theory  admit  the  facts  of  tb« 
Vitalists  Interpretations  of  latter  too  narrow.  Pasteur's  oqwi* 
ments  inconclusive  in  themselves.  His  conclusions  wider  thin 
were  legitimate.  Vital  theory  opposed  to  known  facts.  Mano* 
facture  of  Vinegar.  Continuous  series  of  chemical  changes  in  dead 
muscle.  Transformation  of  starch  into  glucose.  Communicability 
of  molecular  movements  No  line  of  demarcation  belveen  fe^' 
mentative  and  non-fermentative  chemical  changes.  Two  degrees  ot 
fermentability.  Ox}'gen  not  always  the  primum  movens  in  Fennen* 
tations.  Action  of  diminished  pressure  in  some  cases.  P.cserrt* 
lion  of  Meats.  Differences  between  these  processes  and  w)' 
experiments.  Observations  of  Gruithuisen.  Reconciliation  o* 
results.    Conclusions. 

THE  lower  organisms  being  so  very  frequently  met 
with  in  fermenting  fluids,  and  being  invariably 
present  in  some  of  them,  it  so  happens  that  the  problcni 
as  to  the  cause  of  fermentation  has  come  to  be  in- 
separable from  the  question  as  to  the  possibility  of  the 
Je  novo  origin  of  living  things.  Thus  it  is  that  the 
most  important  problem  in  biology  is  one  towards  the 
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ution  of  which  many  distinguished  chemists  have 
«n  induced  to  devote  much  time  and  labour.  The 
xxind  is  in  ^t  common  to  biologists  and  chemists, 
nd  the  question  is  so  obscure  and  difficult  that  it 
tands  much  in  need  of  the  double  illumination. 
Important,  however,  as  are  the  considerations  which  the 
chemist  brings  towards  its  solution,  and  valuable  as  are 
tiie  methods  which  he  employs,  the  problem  is,  never- 
theless, so  all-important  in  its  biological  aspects  that 
Hqtnnot  with  advantage  be  wholly  relegated  to  him. 

M.  Pasteur  frankly  tells  us  that,  having  formed  cer- 
tain views  concerning  the  cause  of  fermentations  in 
J^ral,  he  found  himself  compelled  to  come  to  an 
opinion  *  sur  les  questions  des  generations  spontanees.' 
And  here  some  words  of  explanation  seem  needed,  in 
oricr  to  show  more  fully  how  the  two  problems  are 
^  inseparably  related,  and  as  well  that  the  reader 
'^y  comprehend  the  nature  of  the  doctrines  which  are 
Wd  by  many  other  chemists,  in  opposition  to  those  of 
^  Pasteur. 

We  are  now  becoming  better  acquainted  with  a  set  of 
^niarkable  changes  that  certain  compound  substances 
-fc  apt  to  undergo,  and  which  have  usually  been  known 
y  the  generic  name  of '  Fermentations  ^'  The  prevail- 
^  opinion  had  been  that  for  the  occurrence  of  such  a 

*  Those  which  arc  accompanied  by  the  evolution  of  foetid  gases  (see 
'  266,  note  1)  have  usually  been  spoken  of  as  putrefactions.  The  old 
«w  of  Mitscherlich  (*Ann.  Chcm.  Pharm.'  xlviii.  p.  126)  was  that 
cnnentation  is  caused  by  a  plant  organism,  and  putrefaction  by  an 
limal  organism.*    No  such  distinction  can,  however,  be  drawn. 

VOL.  I.  D  d 
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process  two  things  are  necessary :  in  the  first  place, 
there  must  be  2i  fermentaile  substance — a  body  capaMcof 
undergoing  chemical  change — and,  in  the  second  place, 
there  must  be  z,  ferment ^  or  substance  capable  of  initiat- 
ing such  a  change.  According  to  MM.  Pelouze  and 
Fremy,  ^  the  decomposition  of  organic  substances  under 
the  influence  of  a  body  which  acts  only  by  its  ^lc^cpr^ 
sence  is  called  fermentation.'  What,  then,  is  the  nature 
of  the  ferment  ?  It  has  generally  been  regarded  as  some 
nitrc^enous  substance,  belonging  to  the  albumenoid  type, 
though  subject  to  much  variation  in  actual  composition. 
Gerhardtcven  says  that  ^a  ferment  is  not  a  bodyxw^flww^? 
but  rather  any  substance  in  a  state  of  decomposition.' 

In  the  opinion  of  some  chemists  —  followers  of 
Gay-Lussac — the  mere  presence  of  the  ferment  in  com- 
pany with  the  fermentable  substance  is  not  suflScicnt. 
Even  its  activity  must  be  excited  before  it  can  act 
upon  the  fermentable  substance:  a  result  generally 
brought  about  by  the  action  of  the  oxygen  contained  in 
the  air  with  which  the  ferment  is  in  contact  ^  But 
according  to  other  chemists — and  more  especially  to 
Licbig- — it  is  only  necessary  to  have  a  body  which 
decomposes,  perhaps  spontaneously,  in  the  presence  of 
another  (fermentable  substance)  whose  elements  arc 
held  together  by  a  feeble  affinity.  The  more  chang^ 
able  substance,  by  virtue  of  its  own  inherent  instability) 

*  So  that,  as  Gerhardt  says.  •  L*oxygbnc  de  lair,  comme  nous  X%^^ 
dit,  est  done  le  primum  movefu  des  fermentations.*     Loc.  dt  p.  540. 
'  *  Annalcs  de  Chimie  et  de  Physique/  and  s^e,  t  bod.  p.  178. 
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ay  initiate  molecular  movements  in  even  a  large 
mount  of  a  less  unstable  substance  with  which  it  is 
looght  into  contact ;  and  to  this  latter  set  of  changes  the 
iioie  ^fermentation '  is  applied.  Liebig's  explanation  of 
Ids  process,  which  is  accepted  by  Gerhardt  and  many 
idler  diemists,  is  thus  described  in  Gerhardt's  Chtrnte 
OlrgiBMj»e  ^  ;—*  Every  substance  which  decomposes  or 
aters  into  combination  is  in  a  state  of  movement — its 
noleailes  being  agitated;  but  since  friction,  shock, 
oedbanical  agitation,  suffice  to  provoke  the  decompo- 
ition  of  many  substances  (chlorous  acid,  chloride  of 
litrogen,  fulminating  silver),  there  is  all  the  more 
eason  why  a  chemical  decomposition,  in  which  the 
lolecular  agitation  is  more  complete,  should  produce 
milar  effects  upon  certain  substances.  In  addition, 
3dics  are  known  which,  when  alone,  are  not  decom- 
>8ed  by  certain  agents,  but  which  are  attacked  when 
icy  exist  in  contact  with  other  bodies,  incapable  of 
sisting  the  influence  of  these  agents.  Thus  platinum 
one  does  not  dissolve  in  nitric  acid,  but  when  allied 
ith  silver,  it  is  easily  dissolved ;  pure  copper  is  not 
ssolved  by  sulphuric  acid,  but  it  does  dissolve  in  this 
ben  it  is  allied  with  zinc,  &c.  According  to  M. 
iebig  it  is  the  same  with  ferments  and  fermentable 
bstances;  sugar,  which  does  not  change  when  it  is 
itc  alone,  changes — ^that  is  to  say,  ferments — when  it 
in  contact  with  a  nitrogenous  substance  undergoing 
ange,  that  is,  with  a  ferment.' 

»  Tom.  iv.  p.  539. 
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But   since   the    discovery  by  Cagniard-Latour  and 
Schwann,  in  1836,  of  the  yeast-plant,  which  invariably 
reveals   itself  during  the   vinous    fermentation;  and 
since   the   recognition   of  the   existence  of  a  similar 
relationship  between   other   fermentations  and  other 
organisms,  there  have  always  been  persons  who  have 
inclined  to  the  notion  that   the   associated  organism 
was  the   actual  cause  of  the  fermentation  itself.  For 
three  or  four  years  after  the  discovery  of  the  yeast- 
plant,  it  was  warmly  advocated  by  Cagniard-Latoar, 
Turpin,  Mitscherlich,  and  others,  that  living  organisms 
alone  were  capable  of  initiating  the  changes  known 
as   fermentations — that  they,  in    fact,  were  the  only 
true  ferments.     According  to  the  notions  of  Licbig, 
Gerhardt,  and  others,  fermentations  arc  separated  by 
no  hard  and  fast  line  from  chemical  changes  in  general; 
here,  however,  a  limitation  was  sought  to  be  established; 
a  hard  and  fast  line  was  to  be  drawn,  and  fermentations 
were  to  be  supposed  to  diflFer  from  chemical  changes  in 
general,  by  the  fact  that  they  could  only  be  initiated 
by  the   presence   and   influence   of  living  organisms. 
Such  a  limitation  seemed  of  itself  to  necessitate  the 
supposition   that   the   chemical   changes   occurring  in 
living  things  were  wholly  different  from  all  other  che- 
mical changes — that  the  changes,  in  fact,  constituting 
fermentations  were   initiated   by  occult  ^  vital'  influ- 
ences.'     This  is  the  doctrine  which  M.  Pasteur  has 
revived,  and  which  he  has  sought  to  establish  upon  a 
firm   foundation.     He   says: — ^Je  trouvais  que  toutes 
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cs  fermentations  proprement  dites,  visqueuse,  lac- 
tique,  butyrique,  la  fermentation  de  Tacide  tartarique, 
^  Tacide  malique,  de  Turee  .  .  .  .  ,  etaient  toujours 
correlatives  de  la  presence  et  de  la  multiplication 
rfitres  organises.  Et,  loin  que  Torganisation  de  la 
Jivurc  de  bicre  flit  une  chose  gSnante  pour  la  theorie 
dc  la  fermentation,  c'etait  par  li  au  contraire,  qu'elle 
rentrait  dans  la  loi  commune,  et  qu'elle  etait  le  type 
dc  tous  le  ferments  proprement  dits.  Selon  moi,  les 
niaticrcs  albuminoides  n'etaient  jamais  des  ferments, 
Diais  Taliment  des  ferments.  Les  vrais  ferments  etaient 
<tes  fitres  organises.'    (Loc.  cit.  p.  23.) 

Thus  it  may  be  seen  that  there  are  two  principal 
doctrines  as  to  the  nature  of  a  '  ferment,'  each 
'^ving  its  several  supporters ;  so  that  two  distinct 
theories  of  fermentation  at  present  divide  the  world 
^  chemists.  Some  now  believe  in  the  exclusive  view 
'^suscitated  by  M.  Pasteur^,  that  (i)  all  ferments  are 
iving  oi^anisms — these  being  upholders  of  what  may 
^  called  a  *  vit;al  theory  of  fermentation;'  whilst 
^ers  maintain  (2)  that  certain  not-living  albumenoid 
>ubstances  are  also  capable  of  acting  as  ferments,  so 
hat  they  may  be  classed  as  believers  in  a  ^physical 
hcory  of  fermentation.'  Of  those  who  maintain  the 
atter  opinion,  the  great  majority  believe  with  Gay- 
^ussac,  that  the  presence  of  oxygen  is  necessary  in 
•rder  to  arouse  the  activity  of  the  ferment ;  though  my 

■ 

^  Liebi^  says : — *  It  is  impossible  to  detect  any  fundamental  difference 
etween  the  Tiewt  of  Turpin  and  those  of  Pasteur.' 
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own  experiments  ^  tend  to  show  that  a  ferment  may 
begin  to  operate,  independently  of  the  disturbing  in- 
fluence of  oxygen,  so  long  as  other  conditions  arc 
favourable  for  the  initiation  of  molecular  movements 
amongst  its  delicately-balanced  constituent  elements. 

In  reference  to  the  doctrine  revived  by  M.  Pasteur, 
that  all  ferments  are  living  organisms,  it  should  be 
clearly  understood  that  those  who  reject  this  notion 
by  no  means  deny  the  almost  invariable  association  of 
organisms  with  some  fermentations.  They  maintain 
however  that  other  real  fermentations  exist  with  the 
occurrence  of  which  organisms  are  not  associated;  and 
that  in  all  those  fermentations  in  which  organisms 
are  encountered,  these  are  concomitant  formations  or 
results,  rather  than  causes  of  the  fermentative  changes. 
The  facts  cited  by  Pasteur,  even  granting  that  his  state- 
ments are  perfectly  correct,  are  obviously  open  to  a 
double  interpretation.  Although  it  is  true  that  sudi 
constant  association  of  particular  organisms  with  par- 

• 

ticular  fermentations  would  occur  if  the  changes  in 
question  were  initiated  by  pre-existing  omnipresent 
organisms,  some  of  which  found  in  each  fermentable 
substance  a  nidus  suitable  for  their  development  and 
multiplication ;  still  the  same  constancy  of  association 
ought  also  to  occur  if  the  changes  which  initiated  the 
process  of  fermentation  were  purely  chemical  in  nature) 
and  led  to  the  evolution  of  living  things  as  concomitant 

^  In  addition  to  those  detailed  in  the  last  Chapter,  they  are  record^ 
in  Chapters  xii.  and  xiii.,  and  in  Appendix  C. 
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suits.  The  same  substance  would  decompose  in  the 
me  way  on  di£Ferent  occasions,  if  placed  under  the  in- 
lence  of  similar  conditions,  so  that  if  certain  kinds  of 
ganisms  arose  d§  novo  on  any  occasion  during  the 
xurrence  of  such  changes,  similar  organisms  ought 
BO  to  be  produced  whenever  these  changes  were  re- 
ated.  Therefore,  whether  the  organisms  which  are 
idoubtedly  to  be  met  with  in  association  with  certain 
rmentations  are  to  be  regarded  as  causes  or  as  conco- 
itant  results,  is  a  question  which  can  only  be  settled 

having  recourse  to  experiment.     If  living  things  are 
own  to  be  capable  of  arising  de  novo^  then  the  doctrine 
It  fermentations   cannot   be   initiated  without  the 
ency  of  living  things  must  receive  its  death-blow. 
M.  F^isteur  did  appeal  to  experiment  to  support  him 

maintaining  this  particular  doctrine  of  fermentation, 
lich^  as  the  reader  should  not  forget,  is  repugnant  to  the 
idlings  of  many  diemists  equally  eminent  with  himself* 
e  have  endeavoured  to  show  that  the  experimental 
idence  on  which  M.  Pasteur  relies  in  support  of  his 
ctrine  is  insufficient  and  inconclusive — nay,  more, 
It  many  other  careful  experimenters,  who  have  no 
•ory  whatever  to  support,  have  foiled  to  get  results 
nilar  to  those  which  he  has  recorded.  We  have,  more- 
er,  attempted  to  explain  why  his  own  results  cannot 
rly  receive  the  interpretation  that  he  has  applied  to 
•m.  Thus,  not  only  has  M.  Pasteur  been  unable  to 
ablish  his  point  with  reference  to  the  nature  of  the 
ation  existing  between  organisms  and  those  ferment- 


atiuns  with  which  they  arc  undoubtedly  associated,  but 
it  may  fairly  enough  be  said  that  he  is  the  advocate  ci 
a   doctrine  which   is   irreconcilable  with  many  other 
facts  generally  admitted  by  chemists,  and  of  one  which 
is  thought  by  some  of  the  most  eminent  of  them  to  be      l'^^^ 
adverse  to  the  best  chemical  knowledge  of  the  day*      ■  '^ 
They  hold  the  opinion  (i)  that  fermentations  cannot 
be    definitely    and   sharply  discriminated    horn  othc* 
chemical  changes  not  usually  placed  in  this  category  i 
and  (2)  that  amongst  those  chemical  changes  which  aT^ 
generally  considered  to  be  real  fermentations,  there  aT'^ 
some  whose  occurrence  is  not  necessarily  associate  ^^ 
with  the  presence  of  organisms. 

If  fermentative  changes  were,  in  reality,  only  to  b-*^ 
brought  about  through  the  agency  of  living  organisms  0:^ 
particles,  how  could  we  then  account  for  the  &ct  tha^ 


-  '.-^ 


precisely  such  changes  as  are  eflFected  occasionally  when^^ 
the  influence  of  living  particles  might  be  predicated^^ 
are  at  other  times  occasioned  when  no  such  predication 
is  tenable  ?    Thus,  although   pancreatin   and  pepsine 
convert  starch  into  sugar,  a  precisely  similar  change     ^^^ 
may  be  brought  about  by  dilute  sulphuric  acid;    and    ^^ 
although  saliva  or  emulsin   may  cause  a  breaking-up 
or  fermentation  of  salicine,  here  again  dilute  sulfdiuric  ^' 
acid  is  capable  of  effecting  a  similar  change. 

To  take  another  instance,  the  production  of  acetic 
acid  is   due  to  a  process  of  fermentation,  in  which^ 
alcohol  is  first  converted  into  aldehyde  and  then  into 
the   acid    in  question.      This    fermentative    change^ 
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^cording  to  M.  Pasteur,  is  brought  about  by  a  living 

Organism,  the  vinegar-plant  {Mycoderma  aceti) ;    but,  as 

^c  are  reminded  by  Baron  Liebig,  acetic  acid  may 

I*  similarly  derived  from  alcohol  through  the  agency 

of  finely-divided   platinum,  as   was   first   pointed   out 

I7  Dobereiner.     The  finely-divided  platinum  has  the 

power — and   many  organic   substances  have  a  similar 

Property — of   absorbing    oxygen    from    the    air,    and 

bringing  it  into  a  condition  in  which  it  can  unite  with 

other  substances  with  which  it  would  not  otherwise  .enter 

mto  combination  at  low  temperatures.      So  that,  when 

^cohol  is  subjected  to  the  influence  of  finely-divided 

platinum,  it  is  first  converted  into  aldehyde,  owing 

to  the   oxidation   of  its  hydrogen,   whilst    aldehyde, 

bjr  a  further  oxidation,  is  converted  into  acetic  acid. 

And,  according  to  Liebig,   the  method  introduced  by 

Scfautzenbach  in  1823,  for  the  manufacture  of  vinegar, 

is    based    upon    this  theory.      He  says^: — ^In    this 

Operation  wood  shavings  or  fragments  of  charcoal  are 

Used  for  determining  the  oxidation.      At   one   of  the 

larg^t  vinegar  factories  in  Germany,  the  dilute  alcohol 

receives  no  admixture  during  the   whole  operation  j 

besides  air,  and  wood  shavings,  or  charcoal,  there  is  no 

other  substance  concerned,   and   the  fresh  supply  of 

dilute    alcohol   is  only  mixed   with  a  little   of   the 

unfinished  vinegar  from   a  previous  operation.     The 

proprietor  of  these  works,  Hy.  Riemerschmied,  sent  me 

>  On  Acetic  Fermentation,  translated  in  *  Pharmaceutical  Journal/ 
Aug.  13, 1870,  p.  124. 
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some  of  the  beech- wood  shavings  which  had  been  used 
uninterruptedly  for  twenty-five  years ;  and  in  reply  to 
my  enquiry  whether  the  Mycoderma  aceti  took  part  in 
the  production  of  vinegar,  he  states  that,  so  for  as 
can  be  seen,  the  shavings  that  have  been  thirty  years 
in  use  are  quite  free  from  the  fungus*/  Although, 
therefore,  the  vinegar-plant  is  capable  of  causing  the 
conversion  of  alcohol  into  acetic  acid,  this  convcision 
can  be  otherwise  achieved  without  the  intervention  of 
a  living  organism.  The  process  is  one  of  oxidation 
merely,  so  that  even  when  it  does  take  place  by  the 
agency  of  the  vinegar-plant,  the  eflFective  action  is  in 
all  probability  none  the  less  purely  chemical  in  nature*. 
Baron  Liebig  says  : — ^  Analyses  of  the  air  discha^cd 
from  the  vessels  where  the  vinegar  is  made,  show  that 
the  oxygen  consumed  in  the  oxidation  of  alcohol  is 
taken  from  the  air,  so  that   the   only  part  taken  by 

*  It  appears,  however,  that  *the  production  of  the  fungus  is  acontinmi 
source  of  hindrance  in  factories  where  beer-wort  is  used  [instead  ot 
dilute  alcohol],  since  the  interstices  of  the  wood  shavings  are  gradually 
stopped  up  by  its  growth,  and  thus  free  circulation  of  air  is  prevented 
so  far  as  to  stop  the  formation  of  vinegar.' 

'  The  Mycoderma  aceti  is,  also,  only  an  occasional  instrument  ^ 
bringing  about  the  acetous  fermentation  ;  it  is  not  a  necessary  concom* 
itant,  as  yeast-cells  seem  to  be  of  the  vinous  fermentation.  The  acetic 
fermentation  may  occur  without  the  presence  of  the  vinegar-plan** 
though  the  vinous  fermentation  never  occurs  without  the  appearance  o' 
yeast.  WTien  produced,  yeast  is,  as  we  all  know,  capable  of  initiating 
the  vinous  fermentation  in  other  suitable  liquids,  though  the  vino^ 
fermentation  is  also  capable  of  originating  without  the  inflocDoe  ^ 
pre-existing  yeast.  In  fermentations  which  commence  in  this  way  y«**^ 
arises  de  novo,  as  one  of  the  results  of  the  process.  (Sec  Poucb<ts 
•  Nouvelles  Experiences,'  Paris,  1864,  pp.  190-191.) 
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inegar  plant  in  the  process  is  that  of  determining 
36orption  of  oxygen ;  it  is  active  only  in  virtue  of 
chemical  property,  and  it  can  be  replaced  by  a 
number  of  dead  materials  or  parts  of  plants/ 
ain,  in  a  continuous  series  of  chemical  changes, 
faould  an  arbitrary  division  be  made  ?  Why  should 
changes^  which  are  admitted  to  be  ^  spontaneous/ 
tificially  separated  from  others,  when  these  latter 
r  in  an  uninterrupted  sequence  ?  Baron  Liebig 
: — ^^From  the  moment  that  a  piece  of  muscle  is 
&ted  from  the  living  body  it  begins  to  undergo 
ttion;  after  some  hours  it  acquires  an  alkaline 
ion;  the  coagulable  substances  are  coagulated,  the 
nts  di  the  muscular  tubes  become  more  solid  and 
re  a  clouded  appearance,  with  a  thickish  consist- 
The  muscle  contracts  and  thickens,  or  Ttgvr 
takes  place ;  then,  after  some  time,  the  stiffness 
s,  the  acidity  augments,  and  off^ensively-smelling 

icts  make  their  appearance If  organized 

!nts  have  nothing  to  do  with  the  formation  of  the 
products  that  appear  in  the  muscles  up  to  the 
rence  of  rigor  mortis — and  I  believe  there  is  no 
ologist  who  thinks  they  have — then  it  is  difficult 
iderstand  how  the  further  alterations  can  be  de- 
ned  by  them,' 

lie  transformation  of  starch  into  glucose  by 
igency  of  sulphuric  acid,  to  which  we  have 
ly  referred,  is  a  process  that  cannot  logically  be 

*  Loc  cit.,  p.  123. 
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separated  from  the  fermentations ;  whilst  the  chanp 
which   occurs   when   sugar   is  added  to  a  nuxturc  of 
yeast  and  dextrine,  is  probably  no  less  truly  chcimcal 
in  nature,  even  though  a  living  organism  docs  take 
part  in  the  process.    A  solution  of  dextrine  does  not 
undergo  fermentation  when  it  is  mixed  with  bcer-ycast 
alone ;   though,  when   a  certain  quantity  of  sugar  is 
added  to  the  mixture,  a  great  part  of  the  dextrine  shafts 
the  same  fate  as  the  sugar  itself,  and  is  converted  into 
alcohol  and  carbonic  acid.     ^  In  this  case,'  Liebig  says, 
^the  influence  of  the  motion  communicated  to  the  sugar 
atoms  by  the  action  of  the  yeast  appears  very  evidently 
to  have  been  extended  to  the  dextrine  upon  whidi  yeast 
itself  has  no   action.'     Facts   like   these — and  many 
others  which   might  be  mentioned,  showing  how  the 
different   kinds   of  fermentation   are    influenced  and 
modified  by  the   presence   of  diflFerent  chemical  sub- 
stances— lead    most   strongly  to  the   conclusion  that 
fermentations  are  themselves,  in  essence,  nothing  more 
than   definite    processes    of    chemical    change   whidi 
certain   complex  bodies  are  apt  to  undergo,  either  by 
virtue  of  their  own  inherent  instability,  or  by  reason  of 
the  action  upon  them  of  other  bodies  (ferments)  whidi 
are  at  the  time  in  a  state  of  molecular  flux,  or  metor-itue]* 
Such  processes  are,  moreover,  separated  by  no  well- 
defined  line  from  other  chemical  changes.     It  can  no 
longer  be  maintained  that  they  are  chemical  processes 
which   are    only   capable    of  being   initiated   by  the 
contact-influence  of  the  changes  taking  place  in  living 
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ags.  Observation  and  experiment  alike  are  abso- 
dy  opposed  to  such  a  limitation,  and  even  had  it  not 
cady  been  shown  to  be  utterly  erroneous,  it  is  a 
ctrine  which  ought  only  to  have  found  favour  with 
)sewho  are  professed  ^  vitalists.'  Consistent  believers 
the  physical  doctrine  of  life  could  scarcely  be  expected 
do  other  than  mistrust  a  doctrine  which  would  have 
im  believe  either  that  the  molecular  changes  taking 
ce  iji  living  things  were  not  essentially  chemical  in 
ure,  or  else  that  they  were  chemical  changes  absolutely 
gineris.  It  would  be  almost  impossible,  indeed,  to 
ne  a  true  and  distinctive  definition  of  fermentative 
nges.  Just  as  we  have  previously  urged,  that  the 
ng  thing  differs  from  the  not-living  thing  in  degree 
!  not  in  kind,  since  the  properties  of  both  are  de- 
dent  upon  their  molecular  composition  and  structure ; 
does  the  fermentative  chemical  change  diflFer  from 
not-fermentative  chemical  change  merely  in  degree 
hough  even  to  a  less  extent,  because  these  two  kinds 
iiemical  change  are  now  actually  known  to  merge 
tost  insensibly  into  one  another.  It  is  almost  impos- 
e  to  say  where  the  one  ends  and  the  other  begins. 
Ls  we  ha^e  already  intimated,  in  the  opinion  of 
^-Lussac  and  also  of  many  chemists  in  the  pre- 
t  day,  oxygen  is  needed  to  initiate  the  changes 
ch  the  ferment  undergoes.  According  to  Baron 
big,  however,  all  that  is  essential  in  order  that 
nentation  may  occur,  is  that  a  complex  substance 
uld  undergo   changes   of  a   particular  kind,  either 
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by  reason  of  its  own  instability,  or  on  account  of  tfcj 
greater  instability  of  some  more  mobile  substance  wi*t_ 
which  it  is  brought  into  contact.  He  says: — ^^Ma^^ 
organic  compounds  are  known  which  undergo,  In 
presence  of  water,  alteration  and  metamorphosis  haviiy 
a  certain  duration,  and  ultimately  terminating  in  putn^ 
faction ;  while  other  organic  substances  that  are  oot 
liable  to  such  alterations  by  themselves,  neverthdess 
suffer  a  similar  displacement  or  separation  of  their 
molecules  when  brought  into  contact  with  the  former V 

'  *  Pharm.  Journal/  1870.  This  statement  is  illustrated  by  GcrhiiA 
when  he  says  ('Chimie  Organique,'  t.  iv.  p.  474): — ^"En  presence  dc 
Teau,  le  gluten  s'altere  continuellement ;  si  on  le  delaye  dans  Teaa  et 
qu'on  Tabandonne  dans  cet  ^tat  k  la  temperature  ordinaire,  il  se  goofle 
peu  k  pcu  en  d^gageant  beaucoup  de  gaz  acide  carbonique  m^bng* 
d'hydrog^ne  non  carbone,  et  d'hydrog^Jne  sulfur^ ;  en  m6me  temps  ilsc 
ramollit  et  se  fluidifie  entiercment ;  I'eau  qui  le  recouvre  devient  «lois 
acide.  et  contient  de  la  leucine,  du  phosphate  et  de  Tac^tate  d'ammooi- 
aque ;  finalement  le  gluten  se  fonce  de  plus  en  plus  et  se  dissont  presqM 

enticremcnt Pendant  les  diff^rentes  phases  de  sa  transfonnatko 

le  gluten  possede  la  propri6t6  d'agir  comme  fermente  h.  la  maniirc  des 
auiics  substances  albuminoides.  Avant  de  subir  lui-m£me  la  fennent- 
alien  putride,  il  posstde  la  propritl^  de  faire  subir  une  metamorphose 
remarquable  k  la  matiere  amylacdc.  £n  effet  lorsqu'on  ajoute  de  U 
faiine  de  bid  a  de  IVmpois  d'amidon  delay^  dans  I'eau  et  qu'on  expose 
cc  m'lanpc,  jicndant  quciques  heures,  k  une  temperature  de  60  a  70' C, 
ii  perd  sa  consistence,  se  fluidifie,  et  finalt'ment  devient  enticremcnt 
sucrd ;  la  mati^re  amylacde  se  trouve  alors  convertie  soit  en  dextrine,  soit 
en  glucose.'  It  should  be  obser\'ed  that  the  temperature  at  which  this 
change  takes  place,  60-700  C  (i40"-i58oF),  precludes  the  possibility 
of  its  being  brought  about  by  living .  organisms,  since  Bacttria  and 
Tarulcs  are  uniformly  killed  by  exposure  for  a  few  minutes  to  a  tem- 
perature of  140T.  The  recent  researches  of  Hoppe-Seylcr  ('Med. 
Chem.  Unters,'  1871,  pp.  557-581),  ako  show  that  living  ferments  art 
killed  by  temperatures  which  do  not  destroy  the  virtues  of  dead  ferments. 
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In  the  great  majority  of  cases  oxygen  may  be  the 
^lUator  of  the  molecular  change  which  the  fer- 
^^^table  substance  or  the  ferment  undergoes;  it 
^ould  seem  scarcely  probable,  however,  that  in  the 
^l>8cnce  of  free  oxygen,  no  other  conditions  would  be 
adequate  to  disturb  the  delicate  balance  existing  be- 
tween the  elements  of  a  highly  unstable  substance. 

In  considering  such  a  subject  it  is  of  great  import- 
*iicc  always  to  bear  in  mind  the  various  degrees  of 
idolecular  mobility  of  different  substances,  and  also  the 
&ct  that  some  substances  will  easily  decompose  under 
the  influence  of  conditions  which  do  not  affect  other 
Compounds  of  equal  complexity.  Individual  differences 
>r  peculiarities  cannot  be  ignored.  Under  the  influence 
rf  any  particular  set  of  conditions,  therefore,  organic 
substances  may  be  ranged  under  two  distinct  categories, 
srith  respect  to  their  degree  of  fermentability.  Substances 
RFfaich  are  to  be  placed  in  the/r//  class  are  so  unstable 
that  they  decompose  *  spontaneously '  and  without  the 
lid  of  a  separate  ferment ;  whilst  those  which  possess 
3nly  the  sectmd  degree  of  fermentability  cannot  by 
themselves  be  made  to  initiate  a  fermentative  change 
—require  to  be  brought  into  contact  with  a  more 
unstable  substance  whose  motw-decay  may  impart  the 
needful  molecular  movement.  Once  initiated,  the 
process  of  change  is  afterwards  easily  maintained,  even 
in  those  bodies  which  possess  only  the  second  degree  of 
fermentability.  This  distinction  is  one  of  a  most 
important  nature,  and  will   subsequently  help   us  to 
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explain  the  results  of  many  experiments,  in  a  manner 
diflFerent  fix)m  that  which  has  been  generally  acccplei 

Those  experiments  which  I  have  already  detailed 
tend  to  show,  in  opposition  to  the  widely-accepted 
views  of  Gay-Lussac,  that  the  presence  of  free  oxypfl 
is  not  necessary  even  for  the  initiation  of  cotain 
processes  of  fermentation  or  putrefaction,  since  sud 
processes  may  occur  in  vaato.  Dr,  Child,  however, 
had  previously  shown  that  fermentation  mi^t  take 
place  in  a  closed  flask  containing  nothing  but  freshly- 
prepared  nitrogen  gas  in  contact  with  the  fermentable 
fluid  (see  p.  347). 

My  experiments  have  been  conducted,  to  a  certain 
extent,  in  accordance  with  a  method  which  is  in  daily 
use  for  the  preservation  of  meats  and  various  kinds  of 
provisions.  Curiously  enough,  Gay-Lussac,  Gerhardt, 
and  other  chemists  came  to  the  conclusion  that  oxygen 
was  necessary  for  the  initiation  of  fermentation  and 
putrefaction,  because  meats  or  vegetables  can  only  be 
preserved  by  a  process  somewhat  similar  to  that  which 
I  have  adopted  in  my  experiments — ^that  is,  by  sealing 
them  hermetically  in  vessels  from  which  all  air  has 
previously  been  expelled  by  heat.  So  prepared,  the 
most  changeable  meats  or  vegetables  will  often  preserve 
all  their  freshness  for  many  years — a  fact  which  has 
been  attributed  principally  to  the  absence  of  oxygen  gas. 
Now,  however,  by  a  certain  modification  of  the  experi- 
ment, I  find  that  fermentation  and  putrefaction  will 
occur  in  vacuo^  and  am  consequently  led  to  the  opposite 
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ision — that  oxygen  is  not  always  necessary  for  the 

ion  of  such  processes. 

s  announcement,  made  on  a  former  occasion', 

quite  to  have  paralysed  the  understandings  of 
of  my  readers.  The  eflFect  produced  would  have 
aughable  had  it  not  been  rather  pitiable.  Instead 
•eating  such  simple  experiments  as  I  have  de- 
i  with  infusions  of  hay  or  turnip,  and  satisfying 
;lves  as  to  the  truth  of  what  had  been  said,  the 
fie  world  and  the  public  generally  have  been 
itatively  told  by  more  than  one  of  them,  that  such 
ents  are  unworthy  of  attention;  and  the  excel- 
rf  many  meats,  which  have  been  preserved  for 
in  airless  and  hermetically-sealed  tins,  has  been 
3  afibrd  a  practical  denial  of  the  truth  of  my 
ons. 

differences  between  the  two  kinds  of  experiments 
)wever,  sufficiently  notable  to  account  for  the 
ntly  discordant  results.  When  provisions  are 
'ed,  it  is  in  a  tin  case  that  is  almost  filled,  and 
jrmetically  sealed,  after  all  air  has  been  expelled 
olonged  ebullition  of.  its  fluid  contents  2.  What 
pace  there  may  be  at  first  between  the  top  of  the 
I  the  upper  surface  of  the  provisions,  is  speedily 
d  by  the  insinking  of  the  top,  owing  to 
heric  pressure.      The  meats  are  thus  enclosed  in 

ure/  Nos.  35.  36,  37,  1870. 

frequently  the  closed  tins  are  immediately  submitted,  for  half 
>r  more,  to  a  much  higher  temperature — even  to  258^-260°  F. 

I.  E  e 
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a  vessel  which  is  full — nay,  more,  in  one  in  ^rtikihtkf ' 
are  cut  oflF  from  all  access  of  light.  My  flasks,  on  fc 
contrary,  have  been  only  half  filled  with  the  fermcntiWe 
infusions,  and  these  have  been  subjected  to  ^ 
disturbing  influences  which  may  have  been  dcri^ 
from  the  influence  of  light,  at  the  same  time  tint  tkf 
have  been  purposely  exposed  to  a  warm  temperature. 

What,  then,  is  the  explanation  to  be  given  of  tk 
results  which  I  have  obtained?    Quite  early  in  to 
present  century  Gruithuisen  discovered,  as  we  have  jw- 
viously  quoted  from  Burdach,  that  *  infusions,  otherwise 
very  prolific  (those  of  hay,  for  example),  did  not  yidi 
infusoria  in  glass  vessels  in  which  the  stopper  toadied 
the  surface  of  the  fluid/    Under  such  circumstances  \ 
no   space   is   left   for   the  liberation   of  waste  gases; 
pressure   rapidly  increases,  and  fermentative  or  put^^ 
factive  changes,  if  they  chance  to  be  initiated  at  all, 
are  generally   checked  at  their  very   onset*.    When 

'  Even  Gay-Lussac  was  also  aware  of  a  similar  fsict  with  regird  to 
urine.  And,  moreover,  urine  may  often  be  preserved,  in  this  way,  wba 
it  has  not  been  previously  boiled. 

'  A  microscopical  examination  of  the  surface  of  some  preserved  metis 
which  are  sold  as  being  *  perfectly  good,*  and  whose  taste  ratifies  tht 
truth  of  this  description,  has  occasionally  revealed  the  presence  of  i 
number  of  Bacteria  and  Leptotbrix  filaments,  which,  though  extranaj 
small  in  quantity  and  not  numerous  enough  to  affect  the  quality  of  the 
provisions,  would  seem  to  have  been  developed  in  the  situation  in  whid 
they  are  found,  because  the  meats  in  their  original  condition  do  no^ 
present  even  this  amount  of  organisms,  and  because  other  case 
of  meats  are  found  to  be  perfectly  free  from  oi^anisms  (*  Nature*  No.  4^ 
P*  433)'  Thus  a  change  seems  to  commence  in  certain  cases,  which  is. 
however,  so  speedily  stopped  (owing  to  the  un&vourable  nature  of  tw 
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^  liberation  or  emission  (which  is  almost  always  one 

of  the  accompaniments  of  a  fermentative  change)  has 

^^J^cn  place  to  a  slight  extent,  the  meats  are  in  the  very 

best  condition  for  preservation.     There  is  an  absence 

^  free  oxygen,  an   utter  absence   of  light,  and  also 

^  absence  of  that  diminished  pressure  which  my  ex- 

P^rtments  seem  to  show^  is  favourable   to  the  pro- 

'Motion  of  many  kinds   of  fermentative   change.      It 

^ould  seem  that  fluids  whose  fermentation  or  putre- 

^ction  is  hindered  by  increased  pressure,  and  favoured 

**y  diminution  of  pressure,  may  be  placed  under  con- 

**itions  which  are  successively  more  favourable  than 

^  last  for  the  occurrence  of  such  changes,  by  putting 

^  gradually  smaller  and  smaller  quantity  of  fluid  into 

^  flask,  to  which  calcined  air  is  admitted  2.    Whilst, 

tf  the  stimulus  of  free  oxygen  is  not  absolutely  needed 

in  order  to  incite  fermentation  in  the  fluid  employed, 

the  conditions  may  often  be  still  further  improved  by 

Only  half  filling  the  flask,  and  procuring  a  more  and 

Qiore  perfect  vacuum  before  it  is  hermetically  sealed. 

If  any  one  wishes,  therefore,  to  understand  why  I 
Have  been  enabled  to  bring  about  putrefaction  and  to 
obtain  living  organisms  in  my  flasks,  whilst  preserved 
meats  do  not  usually  change  in  vacuo^  let  him  repeat 

'  conditions  *  to  which  the  fermentable  substances  are  exposed),  as  to 
cause  no  appreciable  detriment  to  the  provisions.  In  other  rare  cases. 
the  change  does  proceed,  and  the  contents  of  the  tin  become  more 
or  less  putrid. 

*  See  ApptnSx  C,  Exps.  ix.  and  xv.,  Txps.  xxxiii.  and  xxxvi.,  etc. 

*  See  p.  348. 

E  e  2 
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Gruithuisen's  experiment  and  one  of  my  own  with  the 
same  fluid.   Let  him  fill  a  stoppered  bottle  with  a  boiled 
infusion  of  hay  or  turnip  and  then  close  it  hermetically, 
and  he  will  almost  certainly  find,  as  I  and  others  have 
found,  that  such  an  infusion  will  keep  for  an  indefinite 
time  without  exhibiting  any  trace  of  turbidity  *.   L^^ 
him,  at  the  same  time,  treat  some  of  the  same  boilwi 
infusion  of  hay  or  turnip  in  a  diflFerent  manner:  let  it 
only  half  fill  a  hermetically-sealed  flask  from  which  all 
air  has  been  expelled.     He  will  then  learn,  better  than 
by  any  amount  of  mere  idle  conjecturing,  whether  there 
is  any  real   contradiction  between  the  results  of  my 
experiments,  and  generally  admitted  facts. 

The  conclusions  to  which  I  have  been  compelled  to 
arrive,  therefore,  on  the  subject  of  Fermentation,  are 
these.  The  '  Vital  theory'  is  untrue  on  account  of  its 
exclusiveness ;  some  organisms  are  ferments,  though  t^l 
ferments  are  not  organisms.     Organisms  may  be  either 


*  Although  hay  and  other  infusions  will  j-ield  these  results — which  arc 
com  para]  >le  with  the  majority  of  cases  in  which  provisions  are  properly 
preserved  in  tins— still  it  has  been  shoA^Ti  by  M.  Pouchet  ('  Nomtll« 
Exp<'ricnces,'  Paris,  1864,  p.  190),  that  beer-wort  which  has  bcenboilw 
will  undergo  change  even  in  a  full  vessel,  and  give  rise  to  an  abundance 
of  yeast-cells.  This,  therefore,  is  an  example  which  is  comp>arable  *i"^ 
those  exceptional  cases  in  which  meats  undoubtedly  become  putrid  in 
spite  of  every  care  in  their  preparation,  and  notwithstanding  the  fact  of 
their  being  contained  in  filled-tins  which  are  hermetically  closed.  Some 
fermentitions  are  doubtless  attended  by  a  less  copious  emission  of  waste 
gases  than  that  which  characterizes  other  fermentations ;  and  some 
fermentations  will  progress  in  spite  of  an  amount  of  pressure  whicft 
in  other  cases,  would  quite  put  a  stop  to  the  process. 
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,  CKcasional  instruments,  or  necessary  conco- 
5  in  processes  of  fermentation.  Thus  there  are 
mical  changes  which  are  essentially  fermentative 
are,  with  which  organisms  are  never  known  to 
•dated:  to  this  class  belongs  the  conversion  of 
;e  into  dextrine  and  glucose  under  the  influence 
and  sulphuric  acid.  There  are  other  {b)  fermen- 
that  may  be  initiated  by  ordinary  physical  or 
al  agencies  alone,  or  which  may  be  brought  about 
agency  of  living  organisms.  Examples  of  such 
s  are  the  conversion  of  salicin  into  glucose 
ligenin,  which  may  be  produced  either  by  con- 
ith  dilute  sulphuric  acid  or  by  the  influence  of 
'Tcrula)i  and  also  the  acetous  fermentation, 
may  be  induced  either  by  bringing  alcohol 
mtact  with  certain  dead  oxidising  agents,  or 
jecting  it  to  the  influence  of  a  living  fungus 
rma).  Whilst  there  is  a  third  set  (r)  of  changes 
ch  the  transformative  processes  are  invariably 
ted  with  the  presence  of  organisms  ^  the  most 
r  examples  of  this  class  being  the  putrid  and 
fermentations.  Although  these  latter  may  be 
!d  by  the  agency  either  of  dead  or  of  living 
ts,  living  matter  is  one  of  the  invariable  products 
fermentative   changes^:   during  their  progress 

lossberger  observed  that  many  juicy  fungi  (for  example  Agaricus 
tc.)f  when  kept  in  narrow-mouthed,  open  flasks,  underwent 
rmentation  spontaneously,  and  that  alcohol  could  be  obtained 
expressed  liquid  on  distillation ;  meanwhile  true  yeast-celU  were 
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growth  and   reproduction  of  the  old,  goes  on  simul- 
taneously with  the  production  of  new  living  matter. 

Looked  at  from  a  chemical  point  of  view,  the  most 
essential  feature  of  these  changes  seems  to  be  that  they 
are  successive,  similar  changes,  induced  by  mere  con- 
tact with  another  body^.  As  we  have  previously  stated, 
however,  such  changes  do  not  form  a  group  apart,  they 
blend  insensibly  into  chemical  actions  in  geoeral. 
To  speak  of  certain  chemical  changes,  therefore,  as 
fermentations,  as  though  they  were  diflferent  in  kincl 
from  other  chemical  changes,  may  be  convenient,  though 
it  must  be  acknowledged  to  be  a  mere  arbitrary  distinc- 
tion, and  not  justifiable  from  a  philosophical  point  of 
view.  Limiting  ourselves,  however,  to  such  processes 
as  seem  best  entitled,  in  the  opinion  of  Liebig  and 
others,  to  be  included  in  this  category,  it  appears  to 
me  that,  from  one  important  point  of  view,  they  may 
be  included  under  three  principal  groups  2. 

formed.^  (Liebig  on  Alcoholic  Fermentation^  loc.  dt.)  \Micn  a  small 
quantity  of  yeast  is  added  to  a  simple  solution  of  sugar,  there  am  ^ 
no  new  production  of  yeast  either  by  growth  or  evolution,  if  no  nitrog® 
exists. 

*  See  the  definition  ofPelouze  and  Fr^my  at  p.  402.  Liebig  says :—*^^^ 
can  resolve  with  a  given  quantity  of  sulphuric  acid  unlimited  quantities 
of  alcohol  into  ether  and  water ;  we  can,  by  the  help  of  the  same  acid, 
convert  a  quantity  of  starch  into  grape  sugar,  without  the  acid  being 
neutralized  in  either  case.  These  effects  are  utterly  distinct  from  ^' 
effects  produced  when  sulphuric  acid  acts  on  metals  or  metallic  oxides; 
but  it  is  quite  absurd  to  ascribe  them  to  a  peculiar  cause,  altogether 
different  from  chemical  affinity/    (Letters  on  Chemistry,  1 851,  p.  i63-) 

•  These  views  are  submitted,  with  all  deference,  to  the  considcittion  of 
chemists. 
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[Synthetle  Fermentations.)  In  this  group  the  changes 
occur  are  wholly  synthetic,  leading  to  the  evolution 
)mpounds  which  have  a  higher  molecular  com- 
ty.  Thus,  as  Schmitz  and  Glutz  have  observed, 
ict  with  strong  hydrochloric  acid  causes  the  con- 
Mi  of  cyanogen  into  oxamide  (C^  N2+2  H'-*  0=C« 
r*H*),  by  bringing  about  a  combination  between 
lements  of  cyanogen  and  those  of  water.  This 
t  of  the  simplest  examples,  though  a  large  number 
:h  changes  might  be  cited  ^ 

[Analytic  Fermentations.)  In  these  cases  we  find 
1  more  or  less  complex  body  breaks  up  into  two 
>re  simpler  products,  as  when  starch  and  water, 
itact  with  sulphuric  acid,  is  converted  into  dextrin 
lucose  ^  or  when  salicin,  in  contact  with  the  same 
breaks  up  into  saligenin  and  glucose, 
.  [AnalyticO'Synthetic  Fermentations.)  In  this  group 
wo  processes  occur  simultaneously — the  ferment- 
uibstance  breaks  up  into  simpler  compounds,  and 
e  same  time  gives  origin  to  higher  and  more 
[ex  products^.  As  a  simple  instance  of  such  a 
:c  may  be  cited  the  fact,  that  tartaric  acid,  when 
1,  not  only  yields  such  lower  derivatives  as  water 
arbonic  acid,  but  also  the  decidedly  more  com- 

voL  ii.  chap.  xii.  p.  24. 

is  is  an  occasion  most  favourable  for  the  production  of  higher 
inds.  Elements  or  compounds  always  unite  most  freely  '  when 
tx>th  are  in  the  act  of  separating  from  some  previous  combination. 
kte  in  which  they  are  at  that  moment  is  called  by  chemists  the 
veenst  or  nascent  state.'  (Liebig.) 
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plex  body  known  as  pyrogallic  acid.  Here,  all  the 
products  are  still  mere  ordinary  chemical  compouods. 
But  in  those  processes  which  are  most  feuniliarly 
known  as  fermentations,  some  of  the  higher  products 
constitute  what  we  know  as  *  living'  matter,  and 
soon  separate  from  the  solution  in  the  form  of  visible 
specks  or  particles^.  This  is  what  occurs  in  tbc 
vinous,  and  all  those  more  or  less  putrid  fermenta- 
tions of  animal  and  vegetable  substances  with  which 
living  matter  is  invariably  and  necessarily  associated. 
These  are  all  of  them  exceedingly  complex  processes  , 
which  are  as  yet  very  imperfectly  understood.  The 
results  of  the  experiments  of  many  investigators,  how- 
ever, compel  us  to  believe  that  living  matter  is  one 
of  the  products,  in  these  fermentations. 

Double  simultaneous  changes  of  a  synthetic  and 
analytic  character  are  familiar  enough  to  chemists. 
When  olefiant  gas  (C^  H*),  or  the  vapour  of  alcohol  or 
ether,  is  passed  through  red  hot  tubes,  a  complex  body 
known  as  naphthalene  (C^^H^)  is  obtained  in  addition 
to  such  lower  products  as  marsh  gas  (C  H*),  carbon 
and  hydrogen.     Several  acids  when  heated  yield  water 

• 

and  a  di-acid :  thus  tartaric  acid  yields  di-tartaric 
acid,  whilst  glycol  yields  di-glycol,  and  even  tri-  and 
tetra -glycol.      More   notable,   however,   than  the  oc- 

»  See  pp.  77-79. 

'*  Even  in  the  vinous  fermentation  there  are,  as  Pasteur  has  showfli 
non-volatile  products,  in  addition  to  such  derivatives  as  sacdmc  9P^> 
glycerine,  alcohol,  and  carbonic  acid. 
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lence  of  all  such  reactions  is  the  fact  that  simul- 
eous  processes  of  analysis  and  synthesis  are  con- 
lally  taking  place  in  all  growing  forms  of  living 
tter.  This  dependence  of  life  on  decomposition 
a  subject  which  has  been  much  dwelt  upon  by 
Freke^  and  Mr.  Hinton^;  and,  quite  apart  from 
special  relations  to  which  I  have  just  been  alluding, 
X)n  Liebig  has,  on  other  and  broader  grounds, 
ated  out  the  striking  analogies  that  exist,  between 
cesses  of  fermentation  and  those  nutritive  changes 
ich  occur  within  the  living  body  during  the  acts  of 
milation  and  growth.  After  alluding  to  the  retro- 
sive  theories  of  Pasteur  ^^  he  adds : — '  I  have  re- 
led  the  phenomena  of  fermentation  and  putrefaction 
a  a  totally  diflFerent  point  of  view,  and  have  con- 
Tcd  their  elucidation  as  the  bridge  by  means  of 
ch  we  may  arrive  at  a  more  exact  knowledge  of  the 
resses  taking  place  in  the  bodies  of  animals  and 
Its*.  Who  can  at  the  present  time  fail  to  perceive 
significance  of  these  facts,  in  regard  to  the  concep- 
i  and  explanation  of  many  vital  processes?    If  a 

Dn  Organization,  1848. 

life  in  Natnre/  i86a.  pp.  51-54,  and  229-258. 
in  the  following  terms : — *  Inasmuch  as  Pasteur  has  again  diverted 
tody  of  fermentation  and  putrefaction  by  microscopists  into  the  old 
tless  path,  the  result  has  been,  that  the  general  aspect  of  these  pro- 
s  has  been  disregarded,  the  phenomena  that  are  common  to  all  of 
have  been  overlooked.  Observation  has  been  directed  to  the 
h  for  mere  details,  and  it  has  thus  become  incoherent.'  {On 
foiie  Fermeniaiion,  Pharmac.  Jml.  Aug.  6,  1870,  p.  104.) 
AnzL  Chem.  Fharm.'  Ixii.  p.  263. 
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change  in   the   locality  and   relative   position  of  the 
elementary  particles  of  animal  substances^,  outside  the 
organism,  be  capable  of  exerting  a  very  definite  in- 
fluence upon  a  number  of  organic  substances  which  arc 
brought  in  contact  with  them  ^  if  those  substances  are 
thereby  decomposed,  while  new  compounds  are  formed 
from  their  elements ;  and  if  it  be  considered  that  the 
class  of  substances  susceptible  of  such  changes  as  take 
place  in  fermentation,  comprises  all  those  whidi  are 
the  constituents  of  the  food  of  man  and  animals,  who 
can  doubt  that  the  same  causes  act  one  of  the  most 
important  parts  in  the  vital  process,  or  that  they  have 
a  powerful  share  in  the  alterations  which  the  materials 
of  food   undergo  when   they  are  converted  into  fat, 
blood,  or  constituents  of  organs  '^  ?    We  know,  indeed, 
that  there  is  in  all  parts  of  the  "  living'*  animal  body  an 
incessant  change  going  on;  that  living  particles  of  this 
body  are  eliminated;  that  their  constituents,  wheftcr 
fibrin,  albumen,  gelatin,  or  whatever  else  they  may  be, 
rearrange  themselves  as   new  compounds;   that  their 
elements  unite  to  form  new  products.     In  accordance 
with  our  experience,  we  must  presume  that  in  virtue  of 
this  activity,  there  is  at  all  places  where  it  obtains,  and 
corresponding  to  its  direction  and  intensity,  a  parallel 
alteration  in  the  character  and  composition  of  con- 

*  Belonging  to  the  class  known  as  *  ferments.' 

'  This  view  was  very  clearly  expressed  by  Mr.  Hinton  in  his  '  Life  in 
Nature,'  pp.  41,  43 — an  interesting  work,  which  I  have  only  seen  since 
this  Chapter  was  in  type. 
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s  of  the  blood  or  of  food,  coming  in  contact 
ich  changing  particles — ^that  consequently  the 

metamorphosis  is  itself  a  main  cause  of  the 
3ns  that  the  food  undergoes,  and  a  determining 
)n  of  the  nutritive  process.' 
breadth  and  suggestiveness  of  these  views  of 

are  most  striking,  and  we  venture  to  hope 
?y  may  be  considered  to  derive  additional  sup- 
)m  our  own  experiments — all  of  which  tend 
^  the  essential  similarity  of  the  influences  that 
1  both  the  ^  genesis  *  and  the  ^  growth '  of  living 
Chemical  affinities,  variously  modified  by 
1  agencies,  are  the  causes  of  those  fermentations 
lead  to  the  production  of  living  matter;  and 
d  affinities  similarly  modified,  are  again  all 
il  in  continuing  the  growth  of  the  matter  thus 
i.  Nutritive  processes  are  closely  allied  to 
ative  processes,  and  both  sets  of  phenomena 
to  common  causes.  In  other  words,  the  same 
vhich  are  operative  in  the  production  of  the 
ent  units  of  living  matter  are  potential  in  the 
m  of  the  first  unit.  The  occurrence  of  living 
is,  like  the  formation  of  crystalline  matter, 
lit  of  inherent  molecular  affinities  and  of  im- 

natural  laws. 


V.  ( 


CHAPTER    XI. 

ADDITIONAL   PROOFS   OF   THE   OCCURRENCE  OF  ARCHEBIOSIS. 

Uniformity  of  natural  phenomena.      Influence  of  Heat  upon  U^ 
Matter.    Equally  uniform  appearance  of  Bacteria  and  Tond<t  witbm 
super-heated,  closed  Flasks.    Their  de  novo  origin  alone  recoocfl«s 
such  apparently  contradictory  Facts.     Difficulties  with  which  the 
Experimenter  has  to  contend.     Nature  works  with  Unboiled  M»t^ 
rials,  and  under  freer  Conditions.     Further  deleterious  Action  oi 
increased    Heat.      Living,    Colloidal,    and    Crystalloidal  Matter. 
Diminishing  Molecular  Complexity  goes  with  diminishing  destmc- 
tibility  by  Heat.      Limits  within  which  Archebiosis  is  possiWc. 
Life  and  Death  are  but  Transitions. 

Experiments  with  still  Higher  Temperatures.  Those  of  Mantcgua. 
Wyman,  and  Cantoni.  Author's  experiments.  Mode  of  preparation. 
Sealed  flasks  heated  to  27o°-275°F.  Living  Torul^g,  PntamtA^^ 
and  Monads.  Sealed  flasks  heated  to  293*^  F.  Bacteria,  Leptottrix, 
and  chlorophyll-containing  Organisms  found.  Sealed  flasks  heated 
to  295°-307T  for  four  Hours.  Bacteria,  Fungus  spores,  and  FvMf 
found.  Other  experiments  in  which  Flasks  were  heated  to  327'^ 
and  464°  F.  Charring  of  Organic  Matter  most  extensive.  Action 
of  high  temperatures  upon  Living  Organisms.  They  not  only  kill 
but  disintegrate.  Experiments  conclusively  in  favour  of  the  occur- 
rence of  Archebiosis. 


\ 


THE  regularity  of  natural  phenomena  is  proverbial, 
and  is  tacitly  recognized  by  each  one  of  us  in 
our  daily  actions.  Even  where  the  succession  of  events 
seems  less  constant^  they  are  none  the  less  the  natural 
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/^^tants  of  a  more  complex  set  of  antecedent  condi- 

^^*    Chance  finds  no  recognized  place  where  law, 

Uniformity  of  result,   is  eternal.     New  doctrines 

^^^3  therefore,  before  their  period   of  general   ac- 

P^nce,  be  shown  to  rest  upon  phenomena  that  are 

^^ily  obtainable.     Facts  which  can  be  attested  by  all 

^  not  to  be  gainsayed  by  any  amount  of  theorizing, 

^  niere  affirmation  of  opposite  ^  mental  convictions/ 

Tlie  uniformity  in  the  properties  of  living  matter, 
^  it  exists  in  the  simplest  living  things,  is  recognized 
"y  ail  biologists.     All  minute,  naked,  living  organisms 
^ith  which  experiment  has  been  made,  have  been  killed 
**y  being  immersed  for  a  few  minutes  in  water  raised 
te  the  temperature  of  140° F;  so  that,  judging  from  this 
known  uniformity,  there  is  very  good  reason  for  believing 
that  such  an  amount  of  heat  would  prove  destructive 
to  ail  similar^  minute,  naked  portions  of  living  matter. 
With  regard  to  the  higher  temperature  of  2i2**F,  how- 
ever, there  is  the  most  unanimous  agreement  (amongst 
all  those  who  are   best  entitled  to  speak  upon  the 
subject)  as  to  the  fact  that  such  an  amount  of  heat  is 
destructive  to  all  the  lower  forms  of  life  which  are  to 
be  met  with  in  infusions. 

On  the  other  hand,  the  labours  of  very  many  experi- 
menters have  now  placed  it  beyond  all  question  of 
doubt  or  cavil,  that  living  Bacteria^  ToruU^  and  other 
low  forms  of  life,  will  make  their  appearance  and 
multiply  within  hermetically-sealed  flasks  (containing 
organic  infusions),  which  had  been  previously  heated  to 
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2 1  a°  F,  even  for  one  or  two  hours.  This  result  is  now  so 
easily  and  surely  obtainable,  as  to  make  it  come  within 
the  domain  of  natural  law  ^  All  pre-existing  living 
matter  and  organisms  having  been  killed  within  the 
closed  flasks,  how  can  new  living  things  appear  therein 
save  by  a  process  of  Archebiosis — or  new  origination 
of  living  compounds  ?  The  explanations  which  arc  ad- 
duced may  be  criticized,  the  phraseology  employed  may 
be  objected  to,  but  the  great  fact  remains  that  the  new 
living  matter  must  have  originated  by  the  occurrence 
of  some  combinations  similar  in  kind  to  those  which 

'  In  a  very  large  number  of  trials  I  have  never  had  a  single  friiw* 

when  an  infusion  of  turnip  has  been  employed,  and  from  what  I  ^f^ 

more  recently  seen  of  the  effects  produced  by  the  addition  of  a  ^ 

minute   fragment    of   cheese   to   such   an   infusion  (see  Appti*^  ^ 

pp.  xxxiv — xxxviii),  I  fully  believe  that  in  999  cases  out  of  xooo,  if  wt 

in  every  case,  a  positive  result  could  be  obtained.     Having  made  use  of 

this  infusion  most  frequently,  I  am  able  to  speak  more  positively  cob- 

ceming  it  than  about  others,  many  of  which  would,  I  doubt  oot " 

sufficient  care  were  taken,  yield  equally  unmistakeable  results.    It  most 

indeed  never  be  forgotten,  that  the  obtaining  of  positive  results  or  not, 

in  such  experiments,  depends  not  a  little  upon  the  strength  of  tte 

solutions  employed.    A  weak  infusion  will  often  yield  no  trace  of  living 

things,  whilst   a  stronger  infusion — prepared  at  the  same  time,  vA 

treated  in  the  same  manner — will,  after  a  similar  period,  be  found  to 

swarm  with  living  organisms.    The  original  access  of  germs  having  been 

equally  possible  in  each  case,  and  the  destructive  influences  to  which 

they  had  been  submitted  being  similar,  the  subsequent  presence  of  li^ 

organisms  in  the  one  solution  and  their  absence  from  the  other,  seems 

only  consistent  with  the  supposition,  that  an  increased  quxmtity  of  or* 

ganic  matter  in  a  solution  acts  in  the  same  way  as  the  addition  of  > 

very  fermentable  fragment  (cheese),  and  suffices  to  produce  an  increased 

tendency  towards  the  occurrence  of  those  fermentative  dianges  during 

which  there  is  a  correlative  production  of  new  bom  living  matter. 
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^ke  place  in  plants  during  every  moment  of  their 
©^owth — even  though  such  chemical  combinations  oc- 
^r  *  spontaneously/  or  independently  of  the  influence 
^  any  pre-existing  living  protoplasm. 

It  may  be  easily  understood,  however,  that  he  who 
investigates  this  subject  has  to  work  under  the  in- 
flocncc  of  a  set  of  conditions  which  are  of  the  most 
Unfavourable  description.  What  he  wishes  to  ascer- 
^n  is  whether  in  the  wide  field  of  nature — in  its 
ponds,  its  lakes,  its  rivers,  and  its  ocean  beds,  where 
^here  is  the  freest  play  of  cosmical  forces  upon  the 
^t^ost  suitable  materials— any  Je  novo  origination  of  living 
tliatter  is  taking  place.  And  with  the  view  of  answering 
this  portentous  question,  he  is  compelled  (if  he  would 
avail  himself  of  experimental  conditions  which  shall 
be  free  from  all  chances  of  error)  to  resort  to  a  poverty 
of  conditions,  which  seems  but  a  mockery  of  the  wealth 
of  nature.  In  the  one  case  we  have  ponds,  containing 
in  solution  an  abundance  of  protein  materials  whose 
virtues  have  not  been  impaired  by  the  blighting  in- 
fluence of  heat,  and  which  are  freely  exposed  to  air, 
light,  and  all  those  other  known  or  unknown  cosmical 
agencies  which  stimulate  the  growth  of  living  matter. 
Whilst,  in  the  other  case,  the  experimenter  has  to 
content  himself  with  boiled  organic  infusions,  shut 
up  within  the  narrow  confines  of  a  small,  hermetically- 
sealed  flask.  Seeing,  however,  that  conclusive  results 
are  still  obtainable  in  spite  of  these  unpromising  con- 
ditions, the  subject  is  one  on  which  science  may  be 
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congratulated.  Had  the  natural  tendenqr  to  the  fcr- 
mation  of  living  compounds  in  certain  solutions  been 
much  less  potent  than  it  seems  to  be^,  the  problem  to 
which  we  have  been  referring  could  never  have  been 
solved.  As  it  is,  that  which  we  are  absolutely  com- 
pelled to  believe  takes  place  within  the  closed  flasks, 
may  illuminate  our  mental  vision  concerning  all  the 
richer  probabilities  which  are  possibly  being  realizri 
from  moment  to  moment  in  such  freer  sites  as  ponds, 
lakes,  rivers,  and  ocean  beds. 

Looking,  however,  again  at  the  experimental  aspects 
of  the  question,  it  will  be  easily  understood  that  by 
increasing  the  stringency  of  the  '  conditions,'  we  may 
ultimately  succeed  in  stifling  the  voice  of  nature. 

That  combination  of  properties  which  we  generalize 
and  include  under  the  word  ^  Life '  being  the  result  of  a 
fine  and  subtle  molecular  combination  in  the  matter 
by  which  it  is  manifested,  it  is  easy  to  understand 
that  a  certain  amount  of  heat  may  be  adequate  to 
destroy  these  more  delicate  combinations,  and  so 
put  an  end  to  the  'vitaP  manifestations  with  which 
they  are  associated.  Such  is  the  action  of  heat  when 
it  just  suffices  to  convert  a  living  thing  into  a  dead 
organism.  Though  it  is  no  longer  living,  however,— 
though,  in  common  parlance,  its  'life'  has  departed— 
the  body  may  still  remain  as  an  organic  aggregate. 
If  allowed  to  continue  in  water,  it  gradually  disin- 
tegrates, and  becomes  more  or  less  dissolved — yielding 

*  See  Vol.  ii.  pp.  27-33. 
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^  Organic  solution  in  which  colloidal  substances  are 
dissolved. 

^t  just  as  the  combinations  which  constitute  living 
^ttcr  are  superior  in  complexity  to,  and  more  destruc- 
wblc  by  heat  than,  colloidal  compounds,  so  are  colloidal 
^Hdpounds  themselves  broken  up  and  more  or  less 
**^troyed,  by  an  amount  of  heat  which  will  leave  many 
^^ystalloids  unaltered.  The  degree  of  heat  necessary 
^  decompose  different  complex  colloids  is,  of  course, 
object  to  an  amount  of  variation  which  does  not 
^^dinit  of  previous  predication.  As  a  rule,  however, 
^c  more  intense  the  heat  to  which  a  solution  has 
*^cn  subjected,  the  more  has  the  complex  compo- 
^tlon  of  the  dissolved  substances  been  impaired,  and 
the  less  is  the  solution  calculated  to  be  one  in  which 
the  new  combinations  initiative  of  living  matter  could 
arise.  The  de  novo  origin  of  living  matter  in  a  solution 
is  possible  at  any  period,  after  the  destruction  of  all 
its  pre-existing  living  things,  provided  the  heat 
employed  has  not  been  so  extreme  as  to  break  up 
its  colloidal  compounds,  or  such  other  unstable  com- 
binations as  may  be  capable  of  conjointly  yielding  so 
high  a  product.  The  number  of  successful  results, 
however,  naturally  diminishes,  according  as  one  em- 
ploys, either  more  destructible  compounds  or  higher 
temperatures  and  less  destructible  compounds. 

So  that  however  meagre  the  chances  may  seem 
for  the  occurrence  of  nature's  subtlest  material  com- 
binations within  even  ordinary  experimental  flasks  (as 

VOL.  U  F  { 
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compared  with  those  which  fevour  their  induction  ifl 
the  outside  world),  the  chances  become  far  less  when 
still  higher  temperatures  are  made  use  of,  with  or 
without  longer  periods  of  exposure.    And,  ultimately, 
a  limit  must  be  attained,  at  which  the  d^radiog  in- 
fluence of  heat  produces  eflPects  that  suffice  to  render 
the  experimental  vessel  a  dreary  and  lifeless  tomb,  in 
which  no  living  thing  can  subsequently  arise.   The 
transition  from  the   not-living  to  the  living,  is  an 
ascent  in  molecular  complexity  which   may  not  be 
possible  under  such  conditions — where  the  much-altered 
matter  exists,  though  shorn  of  its  finer  virtues. 

*  Nee  pent  in  tanto  quicquam  (mihi  credite)  mimdo» 
Sed  variat,  £iciemque  novat :  nasdque  vocatur, 
Incipere  esse  aliud,  quam  quod  fiiit  ante ;  morique, 
Definere  illud  idem.* 

Although  no  additional  evidence  is  actually  required 
to  prove  that  living  matter  can  and  does  arise  de  f^j 

« 

still  my  own  experiments,  and  those  of  others,  m 
which  very  much  higher  temperatures  have  been  re- 
sorted to,  and  successful  results  have  yet  been  obtained, 
ought  to  be  cited,  because  of  the  great  additional  surety 
which  they  supply  that  no  pre-existing  living  matter 
was  left  within  the  experimental  flasks. 

In  1851,  Prof.  Mantcgazza*,  of  Pavia,  introduced  a 
decoction  of  lettuce  into  a  strong  glass  tube,  and  then 
hermetically  sealed  it  in  the  flame  of  a  lamp.    One- 


1  t 
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the  tube  was  occupied  by  the  fluid,  and  the 
;  two-thirds  contained  ordinary  air.  It  was 
br  thirty  minutes  to  a  temperature  of  ai2**F, 
forty  minutes  to  a84°F  (i4o°C),  in  a  bath 
with  carbonate  of  potash.  Fifty-nine  hours 
ing  taken  the  tube  from  the  bath  (during  which 
ui  been  maintained  at  a  temperature  of  about 
was  divided  by  a  file,  and  the  fluid  was  sub- 
)  a  microscopical  examination.  In  the  fluid, 
ntegazza  says  he  found  living  specimens  of 

a,  Prof.  JeflFries  Wyman,  of  Cambridge,  U5., 
i,  and  subsequently  recorded  the  following 
nts^  ^Exp.  xxxiv.  (3.)  March  27th.  Juice 
n,  in  a  hermetically  sealed  flask,  was  boiled 
ites  in  a  Papin's  digester,  under  a  pressure  of 
ospheres  [iao'6**F].  A  film  formed  on  the 
y.  It  was  opened  several  days  later  in  the 
of  Prof.  Gray,  and  found  to  contain  Vibrios 
teriums,  some  of  them    moving  with  great 

!xt  experiment  was  also  made  with  the  same 
3lution  2.  It  is  thus  recorded : — ^  Exp.  xxxv.  (3.) 
le  as  the  preceding,  and  boiled  in  Papin's 
ten  minutes,  and  under  the  pressure  of  five 

can  Journal  of  Science  and  Arts,'  July,  1862. 
other  experiments,  in  which  beef  juice  was  employed  instead 
luice,  and  in  which  the  flasks  were  raised  to  the  same  tern- 
r  fifteen  minutes,  no  organisms  were  found. 

Y  i  % 
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atmospheres  [i  52*2*'F].  No  film  was  formed.  The  flask 
was  opened  on  the  forty-first  day.  Monads  and  Vibrios 
were  found,  some  of  the  latter  moving  across  the  tdi 
No  putrefaction ;  the  solution  had  an  alkaline  taste.' 

In  1868,  Prof.  Cantoni,  of  Pavia,  also  made  some 
experiments  in  concert  with  Profe.  Balsamo  and  Maggi, 
in  which  hermetically  sealed  flasks  containing  various 
organic  solutions  or  infusions  were  heated  to  tempcrar 
tures  ranging  from   ioo°-ii7**C  (2i2'*-a42'6°F),  in  * 
Papin's  digester  '.    Amongst  other  fluids  they  tried  a 
solution  of  yolk  of  e^,  and  with  reference  to  this  Prof. 
Cantoni   says 2:   'We   began   by   observing  that  this 
solution,  enclosed  with  plenty  of  air  in  a  flask  hermeti- 
cally sealed  and  heated  to  105°-!  10°,  produced  a  large 
number  of  Vibrios   in   two  days.     We   heated  it  in 
different   experiments   to  112%  114%  116%  117**,  and 
always  ohtatned  the  same  result^  if  the  temperature  of  the 
air  was  from  25°  to  27°/      Experiments  were  similarly 
conducted  with  other  organic  fluids,  which  led  to  the 
following  results: — 'The  juice  from  meat  sufficiently 
concentrated  produces  Vibrios  if  heated  to   112®,  but 
not  if  heated  to  1 14° ;  cow's  milk  of  good  quality  pro- 
duces   them  if  heated  to  ii3'5%  and  remains  unpro- 


^  I  was  for  a  long  time  unable  to  procure  a  sight  of  Prof.  CantoiDi'& 
valuable  papers,  but  he  has  lately  been  kind  enough  to  send  them  to  me. 
Having  merely  seen  references  to  them  in  journals,  I  was  led  on  a 
former  occasion  (*  Nature/  No.  48,  1870,  p.  43a)  to  state  that  he  htd 
obtained  positive  results  at  242*6^0,  instead  of  242-6**  F.  I  much 
regret  that  the  mistake  should  have  occurred. 

•  •  Gazzetta  Medica  Italiana-Lombardia/  Seric  VI.  t.  i,  i868. 


Tin-:  jn:r,ix\i\(;s  or  ///■/-:.  4;; 


^uctive  from  ii4'5°i  a  decoction  of  pumpkin  ^  produces 

^em  at  110°  and  not  at  112'';  the  albumen  of  an  egg 

^s  productive  at  112%  and  at  113°  commences  to  show 

^^gns  of  disintegration ;  and  the  decoction  of  hay  gives, 

'^^oreover.  Vibrios  at  1 1 0%  but  cannot  when  subjected 

^o  a  higher  temperature  2/     These  experiments  were 

^l  comparable  with  one  another,  from  the  fact  that 

^cy  were  performed  during  the  months  of  July  and 

August,  when  the  atmospheric  temperature  remained 

Pretty  constantly  at  from  25°-27°C  (77^-80- F)'\ 

Thinking  it  very  desirable  to  ascertain  the  highest 
point  to  which  some  solutions  might  be  heated  with- 
^t  being  rendered   unproductive;   and   also  wishing 

*  Heated  to  any  extent  short  of  iio°C.  this  fluid  is  said  by  Prof- 
Canton!  to  produce  Vibrios  with  astonishing  rapidity. 

'  Solutions  of  Liebig's  soup  were  also  found,  on  another  occasion,  to 
be  unproductive  at  and  above  this  point,  though  they  were  productive 
after  exposure  to  temperatures  a  little  lower,  providing  the  daily  atmo- 
spheric temperature  remained  high. 

■  Prof.  Cantoni  naturally  enough  asks,  why  it  should  be,  if  the 
Vtbriontt  are  in  all  cases  produced  from  germs,  that  these  germs 
should  be  killed  at  such  different  temperatures  in  different  fluids;  and 
why  the  germs  (which  nobody  has  seen)  should  require  such  a  very 
much  higher  temperature  to  kill  them,  than  suffices  to  destroy  their 
parents  ?  The  latter  he,  also,  believes  to  be  destroyed  by  a  temperature 
of  about  60^  C.  Then,  again,  there  is  the  fact  that  the  amount  of 
heat  which  is  necessary  in  order  to  stop  the  productivity  of  the  fluid 
(other  things  being  equal),  becomes  lower  and  lower  as  the  temperature 
of  the  air  diminishes — so  that  the  yolk  of  egg,  for  instance,  which,  with 
a  temperature  of  25*C,  will  produce  after  being  heated  even,  to  117'C, 
will  not  produce  after  being  heated  only  to  no**  if  the  temperature  of 
the  air  continues  at  20**,  whilst  when  it  is  still  further  reduced  to  15* 
(59**  F)  the  fluid  ceases  to  be  productive  after  it  has  been  exposed  to 
105*  or  even  100'. 
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to  ascertain  what  amount  of  evidence  was  obtain- 
able as  to  the  possibility  of  living  matter  being  p«>" 
duced  de  novoy  from  changes  taking  place,  in  tiie  main, 
amongst  inorganic  or  mineral  elements,  I  made  during 
the  present  and  the  past  year  many  experiments,  some 
of  which  I  will  now  detail.   With  the  exception  of  Prrf-  * 
Mantegazza*s  one  experiment,  and  of  one  by  W- 
Wyman,  all  the  flasks  in  my  experiments  have  been 
raised  to  temperatures  higher  than  any  which  had  jw- 
viously  been  resorted  to. 

In  those  which  have  been  productive,  the  hermetically 
closed  flasks  have  been  exposed  to  temperatures  ranging 
from  27o**-307**F  (I32°-I53°Q,  though  in  other  un- 
productive experiments  the  flasks  have  been  heated  to 
327° F  and  464**  F.  As  on  other  occasions,  the  solu- 
tions were  heated  in  vacuo^  so  that  the  experiments 
also  differed  in  this  respect  from  those  of  Mantegazza, 
Wyman,  and  Cantoni,  who  adhered  to  the  method 
pursued  by  Spallanzani  and  Necdham. 

In  some  of  my  earlier  experiments,  I  had  the  benefit 
of  Prof.  Frankland's  assistance,  though  subsequently  be 
kindly  placed  his  digester  at  my  disposal  ^ 

The  mode  of  preparation  of  the  flasks  and  the  instru- 
ment employed  for  heating  them  were  thus  described 
by  Prof.  Frankland : — 

'  Of  the  Experiments  now  about  to  be  recorded,  those  in  whidi  the 
flasks  were  heated  under  Dr.  Frankland's  superintendence  are  Nos.^. 
b^j^  k^  5,  M,  w,  and  >,  whilst  those  which  were  executed  alone  by  me  in 
University  College  are  Nos.  a,  6,  c,  </,  e,  /,  /,  m,  s,  o,  p,  y,  r,  /,  »,  «. 
and  z. 
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adi  liquid  was  placed  in  a  glass  tube  about  three- 
:ers  of  an  inch  in  diameter,  nine  inches  long,  and 
d  at  one  end  by  fusion  of  the  glass.  The  open  end 
le  tube  was  then  drawn  out  so  as  to  form  a  thick 
lary  tube,  which  was  afterwards  connected  with  a 
igePs  mercurial  pump.  The  action  of  the  pump 
produced  a  tolerably  good  vacuum,  when  on  gently 
ling  the  liquid,  the  latter  began  to  boil,  its  vapour 
Uing  the  last  traces  of  air  from  the  apparatus. 
r  the  boiling  had  been  continued  for  several 
ites,  the  tube  was  hermetically  sealed  at  the  capil- 
part. 

!Tie  tubes  were  now  placed  in  the  wrought  iron 
iter,  described  by  me  in  the  Philosophical  Trans- 
ms  for  1854,  p.  260.  It  consists  essentially  of  a 
idrical  iron  vessel,  with  a  tightly-fitting  cover, 
h  can  be  securely  screwed  on  to  it.  Through  the 
re  of  the  cover  passes  an  iron  tube,  which  descends 
way  down  the  centre  of  the  cylinder.  This  tube 
Dsed  at  bottom,  and  contains  a  column  of  mercury 
t  an  inch  long,  and  a  thermometer  plunged  into 
nercury  shows  the  temperature  of  the  liquid  inside 
iigester. 

Vater  being  now  poured  into  the  digester  until 
overed  the  tubes,  and  the  cover  having  been 
ved  on,  heat   was    applied    by   means  of  a  gas 

a 

The  temperature  was  allowed  to  rise  to  about 
C,  and  was  maintained  between  146°  and  I53*'C 
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for  four  hours  *,  and  it  is  almost  needless  to  say  that 
every  part  of  the  sealed  tubes  and  their  contents  was 
exposed  to  this  temperature  during  the  whole  time. 
The  glass  tubes,  though  of  moderately  thick  glass  only, 
ran  no  risk  of  fracture,  because  the  pressure  inside  them 
was  approximately  counterbalanced  by  the  pressure  of 
steam  outside/ 

In  all  the  subsequent  experiments  which  I  performed 
alone,  an  approximate  vacuum  was  procured,  as  in  my 
former  experiments,  by  boiling  the  fluids  and  sealing 
the  flasks  hermetically  during  ebullition.  The  vacuum 
may  have  been  somewhat  less  perfect  in  these  cases 
than  when  it  was  procured  by  means  of  the  Sprengcl 
pump,  though  this  circumstance  does  not  in  the  least 
diminish  the  value  of  the  experiments.  The  vacuum 
was  not  desired,  because,  by  working  under  these  con- 
ditions, all  atmospheric  'germs'  might  be  abstracted— 
since  in  all  cases  the  flasks  were  exposed  to  a 
temperature  which  is  acknowledged  to  be  destructive 
of  living  things  whether  in  air  or  in  fluids.  In  the 
experiments  of  Mantegazza,  Wyman,  and  Cantoni,the 
portions  of  the  closed  flasks  above  the  level  of  the 
fluids  were  ^filled  with  ordinary  air.  If,  therefore,  the 
vacuum  may  not  have  been  quite  so  complete  in  some 
of  my  latter  experiments  as  in  those  in  which  I  had 
the  benefit  of  Prof.  Frankland's  assistance,  it  is  a  matter 

*  This  prolonged  period  of  exposure  was  subsequently  only  resorted 
to  in  some  of  the  experiments.  In  others  they  were  exposed  for  shorter 
periods,  as  will  be  seen  from  the  different  headings. 
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nportance,  and  does  not  in  the  least  affect  their 


'  exposed  in  airless  and  hermetically  sealed  flasks  to 

275**-^  ('S^^-'SS^O  f<^  twenty  minutes ,  and  sub- 
tly maintained  at  a  temperature  of  70^-80° /*.  These 
were  also  exposed  to  direct  sunlight  for  eight  days  ^ 

iment  a.  A  strong  infusion  of  turnip,  rendered 
ntly  alkaline  by  liquor  potassse,  to  which  a  few 
Lf  fibres  of  a  cod-fish  were  added. 
n  taken  from  the  digester  the  fluid  was  found  to 
sumed  a  pale  brownish  colour.  The  flask  was 
a  warm  place,  in  addition  to  being  exposed  to 
unlight.  The  vacuum  having  been  ascertained 
>artially  preserved,  the  neck  of  the  flask  was 
two  months  after  the  date  of  its  preparation, 
iction  of  the  fluid  was  then  decidedly  acld^  and 
ur  (differing  altogether  from  that  of  mere  baked 
was  sour,  though  not  at  all  foetid.  The  fluid 
•y  slightly  turbid,  and  there  was  a  well-marked 
it  consisting  of  reddish-brown  fragments,  and  a 
cculent  deposit.  On  microscopical  examination, 
;ments  were  found  to  be  portions  of  altered  mus- 
M-e,  whilst  the  flocculent  deposit  was  composed, 

solutions  and  flasks  were  exposed  to  a  temperature  of  from 
C  for  ont  hour,  if  we  include  the  twenty  minutes*  exposure, 
the  period  which  elapsed  till  the  fluid  in  the  digester  cooled 
iio''C.  The  subsequent  exposure  to  direct  sunlight  was,  for 
urs  daily,  during  some  very  fine  weather  in  the  month  of  March. 
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for  the  most  part,  of  granular  aggregations  and  IMtf^^ 
In  the  portions  of  fluid  and  deposit  which  were  examined, 


Fio.  30. 

Bacteria,  Torulct,  Fungus-mycelium,  and  Spores  of  different  siies,  from 
a  neutralized  Turnip  Infusion.    (  X  800.) 

there  were  thousands  of  Bacteria  of  most  diverse  shapes 
and  sizes,  either  separate  or  a^egated  into  flakes. 
There  were  also  a  large  number  of  monilated  chains 
of  various  lengths,  though  mostly  shorty  a  large  number 
of  small  spherical  Torula  cells  with  mere  granular 
contents,  and  a  smaller  number  of  ovoid,  vacuolated 
cells.     There  were,  in  addition,  a  considerable  number 

• 

of  brownish  nucleated  spores,  gradually  increasing  m 
size  from  mere  specks  about  yoioo^^  ^^  diameter,  up  to 
bodies  i?:^/'  in  diameter^  and  also  a  small  quantity  of 
a  mycelial  filament,  having  solid  protoplasmic  contents, 

'  Similar  to  those  found  in  other  turnip  infusions  which  hate  been 
slightly  add  and  not  foetid.  Sec  Appendix  C,  Experimnis  xxl  «^ 
XX  vi. 
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XI  at  intervals,  and  bearing  bud-like  projections, 
of  which  was  capped  with  a  single  spore. 
pertment  b.    An  infusion  of  common  cress  {Lefi^ 
sativum)^  to  which  a  few  of  the  leaves  and  stalks 
e  plant  were  added. 
lis  was  kept  in  the  same  way  as  the  last  solu- 

and  was  similarly  exposed  to  sun-light  for  a 
days. 

%er  nine  weeks,  and  before  the  neck  of  the  flask 
broken,  the  vacuum  was  found  to  be  well  preserved, 
reaction  of  the  fluid  was  distinctly  acid,  but  there 
no  notable  odour  of  any  kind.  The  fluid  itself 
tolerably  clear  and  free  from  scum,  though  there 
a  considerable  quantity  of  a  dirty-looking  flocculent 
nent  at  the  bottom  of  the  flask,  amongst  the  debris 
e  cress.  On  microscopical  examination  of  portions 
cse  fragments,  most  of  the  cells  in  the  stalks  were 
1  crowded  with  very  actively-moving  granules.  In 
;  of  the  leaves  the  chlorophyle  was  not  much 
ed,  whilst  in  others  it  presented  various  stages 
^composition — ^being  in  some  cells  wholly  replaced 

blackish-brown  granular  material.  Large  quan- 
\  of  such  matter  also  existed,  either  dispersed  or 
^ted,  amongst  the  sediment;  and  in  some  of  it 
r  minute  and  delicate  Frotamahie  were  seen,  creep- 
with  moderately-rapid,  slug-like,  movements  and 
ges  of  form.  They  contained  no  nucleus,  and 
jnted  only  a  few  granules  in  their  interior.  Partly 
le  same  drop,  and  partly  in  others,  there  were  also 
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seen  more  than  a  dozen  very  active  Mwadsy  xni 
in  diameter — each  being  provided  with  a  long  rapidly- 


Fio.  31. 

Bacteria,  Torula,  Protamoeba,  Monads,  &c.,  from  an  infusion  of  Comooo 

Cress.     ( X  800.) 

moving  flagellum,  with  which  neighbouring  granules 
wore  hishcd  about  ^  There  were  many  smaller  motion- 
less spherules,  of  different  sizes,  whose  body- substance 
presented  a  similar  appearance  to  that  of  the  Mw/Js. 
There  were  also  several  unjointed  Bacteria^  presenting 
most  rapid  progressive  movements,  accompanied  by 
rapid  axial  rotations;  many  TVi/Ai-cells  of  different 
kinds,  and  coarser  fungus  spores,  some  of  them  with 
segmented  protoplasmic  contents;  and  lastly,  some 
mycelial  or  algoid  filaments,  containing  tolerably  equal 
NiKks  of  colourless  protoplasm  within  an  investing 
sheath. 


*  A  \li\>p  containing  several  of  the  Monads  was  placed  for  abont  five 
minuter  on  a  jjIass  slip,  in  a  warm-water  oven  maintained  at  a  tcmpw*- 
fwre  ol'  140' K.  All  the  movements  of  the  Monads  ceased  from  thit 
tin\t ;  and  they  nextr  again  showed  any  signs  of  life. 
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eriment  c.  An  infusion  of  beef  with  some  mus- 
fibres,  prepared  at  the  same  time,  similarly  ex- 
,  and  also  opened  after  nine  weeks,  was  not  found 
ntain  any  living  things,  though  there  was  an 
lance  of  mere  moving  granules.  Some  of  the 
liar  fibres  had  preserved  their  natural  appearance, 
t  others  had  lost  it,  and  had  become  completely 
lar. 

ferment  d.  An  infusion  of  cod-fish  muscle,  simi- 
prepared  and  exposed,  also  proved  quite  sterile. 
^eriment  e.  A  solution  containing  ten  grains  of 
1  and  ammonia  alum,  three  grains  of  tartar  emetic, 
alf  a  grain  of  new  cheese  to  an  ounce  of  distilled 
• 

e  vacuum  having  been  ascertained  to  be  still 
'  preserved,  this  flask  was  opened  at  the  end  of 
jventh  week.  The  fluid  was  odourless,  and  its 
on  neutral.  There  was  a  considerable  quantity 
rty-looking  deposit,  and  some  oily  matter  on 
surface,  though  the  fluid  itself  was  tolerably 
The  deposit   was,  for   the   most   part,  com- 

of  dark  granules,  together  with  mucoid  flakes 
x)ntaining  granules.    Mixed  with  the  moving  gra- 

were  a  considerable  number  of  Bacteria — partly 
e  ordinary  shape,  and  partly  of  the  monilated 
.y — the  movements  of  which  were  tolerably  ex- 
^e.  They  travelled  over  small  areas,  and  danced 
d  one  another,  in  a  manner  quite  different  from 
nere  granules  with  which  they  were  intermixed. 
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There   were   no  traces  of   TantU  or  Leptvtbrix  fila- 
ments. 

Experiment  f.     A  solution  containing  ten  grains  of 
amnionic  tartrate  and  three  grains  of  sodic  phosphate 
with  half  a  grain   of  new   cheese^  to  an  ounce  of 
distilled  water. 

The  vacuum  having  been  ascertained  to  be  weJI 
preserved,  the  flask  was  opened  in  the  early  part  of  the 
sixth  week.  The  fluid  was  found  to  have  a  neutral 
reaction,  and  there  was  a  well-marked,  whitish  deposit 
at  the  bottom  of  the  vessel.  On  microscopical  examina- 
tion, no  Bacteria^  Torula^  or  Fungi  were  found,  but 
there  were  a  great  number  of  fibres,  exactly  like  un- 
segmented  Leptothrix  filaments,  growing  from  the  midst 
of  aggregations  of  the  irregular  particles  of  which  the 
deposit  was  composed.  Other  filaments  were  seen 
having  a  close  resemblance  to  the  spiral  fibres  nict 
with  in  somewhat  similar  solutions  which  were  exposed 
to  a  lower  temperature  ^.  They  were,  however,  in 
smaller  masses,  the  spirals  were  less  marked,  and 
transitional  states  existed  between  them  and  the  fibres 
which  resembled  Leptotkrlx  *. 

^  See  Appendix  A,  pp.  ▼ — ix. 

'  Since  this  was  written  I  have  seen  Lepto&rix  (or  SpiruUna)  Blamcnts, 
growing  so  as  to  form  quite  irregular,  spirally-disposed  masses  of  om- 
ferent  sizes.  These  were  obtained  from  the  surface  of  water,  in  whicn 
a  few  young  twigs  of  the  common  elder  had  been  immersed  for  fi**  °^ 
six  days.  All  stages  were  seen,  also,  between  such  spiral  masses  aO" 
more  ordinary  Bacteria  and  Vibrio  forms.  As  the  latter  elongated  they 
gradually  became  curved.  Segmentations  were  seen,  at  intervals,  in  "^c 
internal  solid  protoplasm  pf  which  they  were  principally  composed. 
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<ms  exposed  in  airless  and  hernuticalfy'Sealed  flasks  to 
fF  (i45*C)»  y^  /ram  five  to  twenty  minutes ;  and 
neqtunily  maintained  at  a  temperature  of*\o-%6'F, 

feriment  g.  A  turnip  infusion  rendered  very 
ly  alkaline  by  liquor  potassx. 
le  flask  was  opened  after  nine  weeks,  when  the 
am  was  found  to  be  partially  preserved.  The  fluid 
>till  of  the  same  light  brown  colour  as  when  it  was 
1  from  the  digester.    Its  reaction  was  now  decidedly 

though  the  odour  was  slightly  sour  and  not  foetid, 
e  was  a  small  quantity  of  granular  scum  on  some 

of  the  surface,  and  a  distinct  brownish  flocculent 
tient,  but  the  bulk  of  the  fluid  was  tolerably 
.  On  microscopical  examination  of  the  deposit, 
nbcr  of  minute  TVnvAr-cells  were  found,  both  singly 
n  groups.  They  varied  from  the  minutest  specks 
>  bodies  x^^ns"  ^^  breadth,  and  were  mostly  with- 
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Fio.  32. 
IS  kinds  of  Torula  from  a  neutralized  Infusion  of  Turnip.  (  X  600.) 

nuclei  or  vacuoles.     Some  were  growing  out  into 
ilial  filaments. .  Other  small,  nucleated,  spores  were 
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also  met  with,  singly  and  in  groups  j  and  in  addition, 
a  thick-walled  body  with  granular  contents,  jfn  ^ 
diameter.  No  distinct  Bacteria  were  seen,  thou^tbcre 
were  numerous  acicular  crystals,  some  solitary,  and 
others  in  peculiar  bundles  having  constrictions  at  in- 
tervals. A  number  of  minute  octohedral  and  prismatic 
crystals  were  also  present  ^. 

Experiment  h,  A  solution  containing  seven  gfiins 
of  iron  and  ammonic  citrate  (mixed  with  a  few  very 
minute  fibres  of  deal  wood),  seven  grains  of  ammonic 
tartrate,  and  three  grains  of  sodic  phosphate,  to  one 
ounce  of  distilled  water. 

When  taken  from  the  digester  this  solution  was 
found  to  have  become  fluorescent — being  blackish  by 
reflected,  and  olive-green  in  colour  by  transmitted  light 
After  a  time,  some  cloud-like  flakes  appeared,  and  also 
an  increasing  quantity  of  sediment.  After  eight  months, 


^  • 


Fia.  33. 

Bright  green  Organisms  resembling  Pediastrea,  from  a  Solution  con- 
taining Iron  and  Ammonic  Citrate  and  other  ingredients.  ( x  80a) 

the  vacuum  being  still  well  preserved,  the  neck  of  the 
flask  was  broken  and  its  contents  examined  micio- 

^  Only  three  drops  of  the  fluid  were  examined. 
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^pically.  The  sediment  contained  a  few  wood  fibres 
d  ductSj  and  very  much  granular  matter  together  with 
tively-moving  particles,  though  no  distinct  Bacteria. 
liere  were  also  very  many  ovoid  cells  (single,  and 
i  groups  of  two  to  eight),  about  xttW  ^^  length,  with 
^niewhat  granular  and  rather  bright  green  contents 
•*in  which  a  vacuole  existed.  Other  somewhat  similar 
odies  were  seen  in  groups  of  four,  each  segment  of 
^hich  was  surrounded  by  a  hyaline  envelope.  In  one 
roup  the  protoplasm  within  the  hyaline  envelope  was 
Jen  to  have  undergone  segmentation. 
Some  of  this  fluid  was  put  on  one  side  in  a  small 
)rked  tube,  and  when  examined  after  six  weeks,  the 
ills  had  lost  all  their  green  colour — the  contents  having 
sumed  a  dirty  yellowish  brown  hue  \ 
Experiment  j.  A  solution  containing  fifteen  grains 
'  iron  and  ammonic  citrate  (mixed  with  a  few  minute 
>res  of  deal  wood),  in  one  ounce'  of  distilled  water. 
The  vacuum  having  been  ascertained  to  be  well 
eserved,  the  neck  of  the  flask  was  broken  eight 
oirths  after  its  preparation.  The  fluid,  which  was 
ill  very  faintly  acid,  was  not  fluorescent,  though  there 
A  been  a  notable  amount  of  sediment  for  some  time. 
n  microscopical  examination,  the  latter  was  found  to 
insist  of  dotted  ducts  and  minute  portions  of  woody 
►re,  mixed  with  large  quantities  of  granular  matter 

^  A  certain  general  resemblance  exists  between  the  organisms  met 
til  in  this  experiment,  and  those  of  Experiments  j,  I,  and  m,  as  well  as 
>se  oi  Experitium  a,  recorded  at  p.  365. 
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(aggregated  into  flakes),  and  a  great  multitude  of  very 
actively-moving  particles.  Some  of  them  had  a  fipw- 
of-8  shape,  and  others  were  well -formed  B^f/ffw- 
There  were  also  a  few  monilated  chains,  as  well  as 
simple  unsegmented  Leptothrtx  filaments.    The  most 


OOCDO 


Fio.  34. 

Bacteria^  different  kinds  of  Leptotbrixy  and  green  Organisms  resem^ 
Desmids,  from  a  Solution  of  Iron  and  Ammonic  Citrate.  ( X  800.) 

notable  products,  however,  were  a  great  number  of  single 
and  aggregated  organisms,  resembling  certain  simple 
Desmids  and  Fedsastrea.  Like  them,  also,  they  exhi- 
bited slow  oscillations  or  partial  slight  rotations.  Their 
contents  were  decidedly  greenish,  though  the  hue  was 
not  so  bright  as  that  of  the  organisms  found  in  the  last 
solution.  Some  were  single,  and  others  were  in  groups 
of  four  or  eight  ^ 

Two  drops  of  the  solution,  containing  some  of  the 
sediment,   were    placed    in   a  clean   animalcule-cage, 

*  The  organisms  in  this  solution  more  closely  resembled  those  ci 
Experiment  2  (p.  365)  than  those  of  Experiments  I  and  m.  Bacteria  were 
contained  in  both,  and  the  solutions  themselves  were  also  more  sinular 
— neither  of  them  had  become  fluorescent. 
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:h  was  kept  at  a  temperature  of  85° — 90®F  in  a 
sloping  oven.     After  twenty-four  hours  the  groups 

single  Desmid-like  bodies  were  still  seen  under- 
ig  partial  rotations,  and  the  number  of  Bacteria 

increased  in  quantity.  After  forty-eight  hours, 
txip  of  eight  cells,  in  addition  to  solitary  and  smaller 
ips,  was  seen  distinctly  oscillating  j  and  there  were 

or  three  elongated  bodies  (containing  segmented 
is  of  protoplasm),  which  seemed  to  have  resulted 
1  the  development  of  single  organisms ;  there  were 

several  Leptothrix  filaments,  and  a  great  increase 
taken  place  in  the  number  of  Bacteria^  which  showed 
'  active  movements  of  translation.  After  this  period 
contents  of  the  Desmid-like  bodies  began  to  fade, 

they  seemed  gradually  to  die ;  though  the  Bacteria 
i  and  increased  for  several  days,  during  which  the 
imen  was  kept  under  observation. 
xperlment  k.     A  solution  containing  ten  grains  of 
ionic  sulphate,  and  ten  minims  of  dilute   liquor 

perchloridi  in  one  ounce  of  distilled  water. 

thick  scum  formed  on  the  surface  after  about  two 
iths.  The  flask  was  opened  at  the  expiration  of  the 
i  month,  the   vacuum   being  still  well  preserved. 

microscopical  examination,  no  trace  of  living 
gs  was  to  be  seen  amongst  the  amorphous  deposit 
le  bottom  of  the  flask.  The  pellicle  was  found  to 
ent  a  cellular  arrangement  (Fig.  39).  It  polarized 
t,  however,  and  was  obviously  crystalline  in  con- 
ition*    It  was  very  heavy — sinking  at  once  in  the 
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watch-glass  as  soon  as  its  upper  surface  was  wetted.  This 
solution  contained  no  carbon  (see  Appendix  A,  p.  x). 

Experiment  1.    A  solution  containing  twelve  grains  d 
iron  and  amnionic  citrate  (mixed  with  a  few  very  mi- 
nute fibres  of  deal  wood)  in  one  ounce  of  distilled  water. 
The  flask  was  opened  at  the  commencement  of  the 
seventh  week  from  the  date  of  preparation.    It  was 
exposed  to  sunlight  for  about  eight  days  during  the  last 
fortnight,  though  previous  to  this  the  amount  of  sedi- 
ment had  gradually  increased.      After  the  second  or 
third  exposure  the  previously  dark  brown  fluid  became 
fluorescent — black  to   reflected,  but  olive-coloured  to 
transmitted  light.    There  was  also  a  brownish  deposit 
on  one  side  of  the  tube.     When  the  flask  was  opened 
it   was    found    that   the  vacuum  was   almost  wholly 
impaired,    by    an    internal    evolution    of    gas.     0^ 
microscopical  examination  of  a  drop  of  the  fluid  (con- 
taining sediment),  multitudes  of  granules,  separate  ana 
aggregated  into  flakes,  were  seen.     There  were  no  dis- 
tinct Bacteria^  though  large  numbers  of  the  rounded  and 
ovoid  organisms  similar  to  those  met  with  in  Exfs*  9 
and  12,  were  intermixed  with  the  granules.     They  were 
partly  separate,  partly  in  groups  of  fours  and  eights. 
They  varied  considerably  in  size,  and  also  in  colour-' 
some  being  decidedly  greenish,  and  others  quite  yellow 
and  faded.    In  the  granular  a^egations,  diflferent  stages 
in  the  growth  of  these  Desmid-like  bcxlies  were  to  he 
recognized.     What  appeared  to  be  short  LepMbrix  fila- 
ments issued  from  some  of  the  granular  masses. 
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Qferiment  m.  Some  of  the  same  solution  as  was 
loyed  in  the  last  experiment,  similarly  exposed 
rendered  similarly  fluorescent.  After  the  exposure 
unlight,  however,  the  tube  was  kept  in  ordinary 
igjbt  for  two  weeks,  so  that  it  was  not  opened  till 
rommencement  of  the  ninth  week, 
was  then  found  that  the  vacuum  was  impaired  as 
le  last  experiment.  On  microscopical  examination 
le  sediment  the  same  kind  of  granules  (separate  and 
?gated)  were  seen,  and  also  great  multitudes  of  the 
nid-like  organisms.  These  existed  more  abundantly 
in  the  last  solution.  Here  also  there  was  the 
J  fresh  appearance  of  some,  and  faded  look  of  others, 
also  great  variations  in  size — the  largest  being 
"  in  length,  whilst  many  were  not  more  thatn 
"  in  length.    Several  groups  of  four  were  seen,  in 


Fio.  35. 

ish,  Desmid-like  Organisms  of  different  kinds,  and  Torul^t,  found 
I  fluorescent  solution  of  Iron  and  Amnionic  Citrate.     ( x  800.) 

h  the  separate  elements  were  spherical  instead  of 
1.     There  were  also  many  straight,  or  slightly 
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curved  bodies,  having  blocks  of  protoplasm  within— 
which  apparently  resulted  from  a  longitudinal  growth 
of  single  frustules.  The  groups  of  organisms,  as  well  as 
those  which  were  single,  exhibited  the  same  slow  partial 
rotations,  forwards  and  backwards,  which  had  been 
observed  in  those  produced  in  other  solutions. 

Some  of  this  solution  was  put  into  a  corked  tube, 
and  when  it  was  examined  two  months  afterwards,  all 
the  frustules  had  lost  their  greenish  colour,  and  were 
apparently  quite  dead. 

Experiment  n.  A  solution  containing  ten  grains  of 
ammonic  carbonate,  and  three  grains  of  sodic  phosphate 
in  one  ounce  of  distilled  water. 

The  flask  was  opened  in  the  commencement  of  the 
twelfth  week  from  the  date  of  preparation,  the  vacuum 
having  been  previously  ascertained  to  be  well  preserved. 
The  reaction  of  the  solution  was  slightly  alkaSne. 
There  was  no  notable  turbidity  of  the  fluid,  though 
there  was  a  small  amount  of  whitish  deposit,  which  on 
microscopical  examination  was  found  to  be  mostly 
composed  of  amorphous  granules.  The  fluid  itself  con- 
tained a  small  number  of  minute  but  distinct  Bactem, 
and  also  a  number  of  figure-of-8  shaped  bodies— all 
of  which  exhibited  sluggish  movements.  They  were 
very  faint  in  colour,  so  that  on  this  account  and  owing 
to  their  small  size,  although  plentiful  enough,  thcf 
were  somewhat  difficult  to  recognize.  A  drop  of  the 
solution,  on  the  application  of  the  covering  glass,  had 
been  immediately  cemented,  and  when  examined  after 
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y-fbur  hours,  both  varieties  of  Bacteria  had 
y  increased  in  quantity,  and  had  become  some- 
larger,  though  their  movements  were  not  at  all 
active. 

^eriment  o.  An  infusion  of  hay,  which  had  become 
y  darker  by  the  exposure  to  heat,  and  in  which 
flocculent  sediment  had  been  thrown  down. 
;  flask  was  opened  at  the  end  of  the  seventh 
the  vacuum  being  still  well  preserved.  The 
3n  of  the  fluid  was  then  found  to  be  acid,  and  its 
was  hay-like  though  somewhat  altered  in  character, 
ganisms  of  any  kind  were  discovered  in  the  fluid, 
idst  the  minutely  granular  deposit. 
mment  p.  An  infusion  of  turnip  (not  neutralized 
I  its  natural  slightly  acid  condition)  was  found  to 
issumed  the  colour  of  pale  sherry  when  removed 
the  digester.  There  was  also  a  small  amount  of 
locculent  sediment. 

J  flask  was  opened  eight  weeks  afterwards;  the 
m  having  been  well  preserved.  The  reaction  of 
lid  was  still  acid,  and  its  odour  was  that  of  baked 
'.  There  was  a  considerable  quantity  of  granular 
r  at  the  bottom  of  the  flask,  but  after  careful 
scopical  examination,  no  organisms  of  any  kind 
be  detected  ^ 

npare  the  results  of  this  experiment  with  those  of  Nos.  a  and 
I  very  slight  addition  of  dilute  liquor  potassse  to  the  latter 
»ems  to  have  been  the  immediately  determining  cause  of  their 
iveness  (see  p.  383).     Some  other  experiments  recorded  in 
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After  it  had  been  examined,  the  remainder  of  the 
fluid  was  left  in  the  open  flask.  Six  weeks  afterwards 
it  was  accidentally  noticed,  and  a  bluish-green  fungus 
was  seen  covering  the  surface  of  the  fluid.  On 
microscopical  examination  of  the  sediment  which  had 
collected  at  the  bottom  of  the  flask,  multitudes  rf 
Torula  cells  were  found,  though  there  was  a  complete 
absence  of  Bacteria '. 


Solutions  exposed  in  airless  and  hemutically'SeaUd  fioih  io 
a  temperature  of  295''— 307**^  (146"*— I53°C)  forfav 
hours y  and  subsequently  maintained  at  a  temperature  of 
70°— 80°/*. 

Experiment  q.  An  infusion  of  turnip  which  had 
been  much  charred  by  the  high  temperature.  It  had 
become  brown  in  colour,  and  in  addition  there  was  a 

Appendix  C,  also  point  to  the  desirability  of  neatralizing  a  tnniip 
infusion  if  we  wish  to  increase  the  chances  of  finding  organisms  within 
the  flasks.  In  Exps,  a  and  g  the  odour  was  not  that  of  mere  baked 
turnip,  and  the  solutions  had  become  add — fermentation  had  in  i^ 
taken  place. 

^  I  have  also  on  other  occasions  (see  Appendix  C.  Exp.  xviii.)  ^ 
qucnlly  found,  when  the  fermentability  of  certain  fluids  is  lowered  by  the 
influence  of  heat,  that  they  yield  nothing  but  slowly-growing  TW*. 
although  a  portion  of  the  same  fluid,  unheated  and  standing  beneath 
the  same  bell-jar,  would  speedily  become  turbid  and  jield  mym^s 
of  Bacteria  without  Torula.  Facts  of  this  kind  are  very  interesting, 
and  serve  to  throw  light  upon  the  morphological  differences  whi<i 
exist  between  Bacteria  and  Torulce.  Crystals  which  arc  produced 
rapidly,  are  always  smaller  and  less  perfect  in  form  than  those  <rf 
slower  growth. 
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ckish-brown  deposit  of  charred  matter,  which,  after 

lad  thoroughly  settled,  was  about  equal  to  one-twelfth 

the  bulk  of  the  fluid. 

rhe  flask  was  opened  at  the  end  of  the  eighth  week, 

en  the  vacuum  was  found  to  be  well  preserved.    The 

mr  of  the  fluid  was  for  the  most  part  that  of  baked 

nip,  and  its  reaction  was  acid.    The  deposit  was 

iposed  of  amorphous  granules,  and  also  of  a  mul- 

idc  of  reddish  or  claret-coloured  spherules  of  various 

:s,  but   no  organisms  of  any  kind  could  be  dis- 

ered. 

Ixferment  r.   An  infusion  of  turnip  rendered  slightly 

aline  by  the  addition  of  dilute  liquor  ammoniae,  was 

rcted  in  almost  precisely  the  same  way  as  in  the  last 

•eriment. 

The  flask  was  prepared  at  the  same  time,  and  opened 

T  the  same  interval.    The  deposit,  in  its  micro- 

pical  characters,,  resembled  that  found  in  the  last 

eriment,  and  there  was  a  similar  absence  of  all 

anisms  ^. 

Zxperiment  a.  A  tube  containing  an  unaltered  infusion 

urnip  was  opened  at  the  end  of  the  twelfth  day. 

Vhen  received  from  Dr.  Frankland,  the  fluid  had 

n  changed  to  a  decided  but  light  brown  colour,  and 

re  was  some  quantity  of  a  blackish-brown  granular 

Considering  the  results  which  were  obtained  in  E*ps,  a  and  g^  I 
c  that  a  turnip  infusion  neutralized  by  liquor  potassse  rather  than 
>r  ammonix,  is  one  of  the  most  favourable  combinations  for  producing 
nisms  after  exposure  to  high  temperatures. 
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sediment,  though  the  infusion  had  been  quite  free  from 
all  deposit  when  placed  in  the  digester.  After  this 
tube  was  suspended  in  a  warm  place,  as  the  others  had 
been,  it  remained  in  the  same  position  till  it  was 
taken  down  to  be  opened.  A  slight  scum  or  pellicle, 
which  partially  covered  the  surface,  was  observed  on 
the  sixth  day.  During  the  succeeding  days  it  did 
not  increase  much  in  extent,  though  it  became  some- 
what thicker.  Although  very  great  care  was  taken, 
still  the  slight  movement  of  the  flask,  occasioned  in 
knocking  oflF  its  top,  caused  the  pellicle  to  break  up 
and  sink  i. 

The  contents  of  the  flask  emitted  a  somewhat 
fragrant  odour  of  baked  turnip,  and  the  reaction  of  the 
fluid  was  still  slightly  acid.  On  microscopical  exami- 
nation, a  great  deal  of  mere  granular  d^Ms  and  irregular 
masses  of  a  brownish  colour  were  found,  and  also  a 
very  large  number  of  dark,  and  apparently  homogeneous 
reddish-brown  spherules,  mostly  varying  in  size  from 
ttW  to  aoooi?'^  i^  diameter,  partly  single  and  partly 
in  groups  of  various  kinds.  There  were  no  distinct 
Bacteria^  though  in  one  of  the  drops  examined  there  was 
a  delicate  tailed-monad  in  active  movement — a  speci- 
men of  Monas  lens^  in  fact,  ttW  i^^  diameter,  having 

*  It  was  owing  to  the  appearance  of  the  pellicle  and  the  seeming 
likelihood  of  its  breaking  up  and  sinking  to  the  bottom  of  the  vessd, 
as  others  had  done,  if  allowed  to  remain,  that  I  was  indaced  to  open  this 
tube  so  early.  I  thought  it  possible  that  nothing  else  might  form  after- 
wards, and  felt  anxious  to  examine  the  pellicle  before  it  became  xni*^ 
with  the  granular  deposit. 
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^  distinct  vacuole  in  the  midst  of  the  granular  contents 
^  the  cell,  and  a  rapidly-moving  flagcllum. 

Experiment  t.  An  infusion  of  hay.  When  taken 
^m  the  digester  there  was  a  considerable  quantity  of 
"townish-black,  charred,  organic  matter  at  the  bottom 
Of  the  flask,  though  the  fluid  itself  was  clear  and  of  a 
dark  sherry  colour. 

The  flask  was  opened  on  the  fourteenth  day ;  and  for 
six  or  seven  days  previously  a  slight  scum  had  been 
seen  covering  part  of  the  surface  of  the  fluid,  the  solu- 
tion itself  remaining  clear.  The  fluid  was  found  to  be 
quite  strongly  acid,  whilst  its  odour  was  sour  and  not  at 
all  hay-like.  The  scum  was  found  to  be  composed  of 
mere  charred  granules  and  globules,  and  no  trace  of 
organisms  could  be  found  either  in  the  fluid  or  amongst 
the  deposit  ^ 

Experiment  u.  A  solution  containing  fifteen  grains  of 
ammonic  carbonate,  and  five  grains  of  sodic  phosphate, 
in  one  ounce  of  distilled  water. 

When  taken  from  the  digester  the  glass  of  the  tube 
was  found  to  be  considerably  corroded,  and  there  was 


*  This  infusion  had  been  evidently  wholly  altered  in  quality  by  the 
high  temperature  to  which  it  had  been  exposed ;  and  from  the  fact  that 
it  was  left  in  an  open  flask  for  more  than  a  week,  and  was  still  found  to 
be  free  from  any  trace  of  living  things,  its  original  sterility  cannot  be 
Wondered  at.  It  is  easy  enough  to  believe  that  the  different  organic 
Compounds  existmg  in  different  infusions  would  be  differently  capable  of 
Resisting  the  destructive  influence  of  heat ;  so  that  some  infusions  may 
"be  much  more  favourable  than  others  for  experiments  in  which  high 
temperatures  are  resorted  to. 
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a  whitish  deposit  as  a  result  of  this.  After  a  few  weeks 
many  bluish  cloudlike  masses  became  visible  in  the 
fluid,  dotted  here  and  there  with  minute  whitish  spots, 
but  no  pellicle  made  its  appearance  on  the  surface. 
The  flask  was  opened  at  the  end  of  the  fifteenth  week, 
no  apparent  change  having  taken  place.  On  miao- 
scopical  examination  the  flakes  were  found  to  have  a 
very  minutely  granular  composition,  and  the  whitish 
spots  on  them  consisted  of  aggregations  of  minute 
linear  crystals,  about  Tishns"  ^^  length.  The  deposit 
was  composed  of  amorphous  particles  and  spherules,  but 
there  was  no  trace  of  the  existence  of  living  things  ^ 

Experiment  v.  A  solution  of  eight  grains  of  amnionic 
carbonate  and  three  grains  of  sodic  phosphate  in  one 
ounce  of  distilled  water. 

When  taken  from  the  digester  the  glass  was  not  in 
the  least  corroded.  The  tube  was  opened  at  the  ex- 
piration of  eight  weeks,  when  the  vacuum  was  found 
to  be  well  preserved.  There  was  a  very  small  amount 
of  whitish  deposit  at  the  bottom  and  sides  of  the  tube, 
though  there  never  had  been  any  trace  of  scum  on  the 
surface.  When  examined  microscopically  the  deposit 
was  found  to  be  composed  of  more  or  less  rounded 
refractive  particles,  imbedded  in  a  homogeneous  colour- 
less matrix.  There  were  also  very  many  motionless  rod- 

^  This  tube  was  one  of  English  glass.  The  quality  of  the  solution 
must  have  been  altogether  altered  by  the  corrosion— a  gettX  part,  ^ 
not  the  whole,  of  the  phosphoric  add  being  precipitated  in  the  fonn 
of  insoluble  phosphate  of  lead. 
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dies  from  y^"  to  y^"  in  length  (crystalline  ?), 
'  trace  of  living  things,  either  amongst  them  or 
ded  in  the  fluid  itself. 

rhnent  w.  A  solution  containing  an  un weighed 
:y  of  ammonic  carbonate  and  sodic  phosphate  in 
d  water. 

fluid  was  at  first  somewhat  whitish  and  clouded. 
:he  twentieth  to  the  thirtieth  day  a  thin  pellicle 
en  seen  gradually  accumulating  on  its  surface; 
the  latter  four  or  five  days  this  increased  much 
kness,  and  gradually  assumed  a  distinct  mucoid 
mce.  The  fluid  itself  was  tolerably  clear,  though 
arent  turbidity  was  given  by  the  presence  of  a 
litish  deposit  on  the  sides  of  the  glass, 
flask  was  opened  on  the  thirtieth  day,  and  the 
n  of  the  fluid  was  then  found  to  be  neutral, 
submitted  to  microscopical  examination  portions 
pellicle  were  seen  to  be  made  up  of  large, 
ir,  and  highly-refractive  particles,  imbedded  in 
parent  jelly-like  material.  The  particles  were 
aried  in  size  and  shape,  many  of  them  being 
ly  branched  and  knobbed.  Several  very  delicate 
y  hyaline  vesicles  about  ^^yVo'  i^  diameter, 
ler  free  from  solid  contents,  were  seen ;  and,  in 
1,  there  were  a  number  of  figure-of-8  bodies, 
ing  tolerably  active  vibrations,  each  half  of 
was  about  -^j^^jsjs"  in  diameter, 
nbsequent  careful  examination,  on  the  same 
J,  of  a  quantity  of  the  granular  matter  of  the 
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pellicle  (which  had  been  mounted  on  two  microscope- 
slips,  and  at  once  protected  by  surrounding  the  covering 
glasses  with  cement),  revealed  five  spherical  or  ovoid 
spores,  the  average  size  of  which  was  about  5^/  in 
diameter.    They  all  possessed  a  more  or  less  perfectly- 

®    'M     ^ 

Fxo.  36. 

Spore-like  bodies,  and  figure-of-8  particles,  from  a  solution  of  Anunonic 
Carbonate  and  Sodic  Phosphate.    (  x  600.) 

formed  nucleus,  and  all  showed  a  most  distinct  doubly- 
contoured  wall.  One  of  the  smaller  of  them  showed 
that  it  had  reached  a  stage  when  it  was  about  to 
germinate.  In  addition,  a  small  mass  of  SarctnA-X^^ 
material  was  seen,  which  was  not  very  distinctly  de- 
fined, owing  to  its  being  still  in  a  somewhat  embry- 
onic stage. 

Experiment  x.  A  solution  containing  eight  grains 
of  ammonic  carbonate  and  three  grains  of  sodic 
phosphate. 

The  vacuum  having  been  ascertained  to  be  well 
preserved,  the  tube  was  opened  in  the  beginning  ^ 
the  eleventh  week.  There  was  no  pellicle  or  scum 
of  any  kind,  and  no  turbidity,  though  there  was  a  very 
small  amount  of  deposit  at  the  bottom  of  the  vessel. 
The   reaction  of  the  fluid  was  decidedly  though  not 
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3ngly  alkaline.  On  microscopical  examination,  the 
xsit  was  found  to  be  principally  made  up  of  mere 
orphous  granules — separate,  as  well  as  forming  ag- 
^gations  of  various  sizes.  Here  and  there,  however, 
^^e  were  granules,  both  separate  and  aggregated,  of 
nuch  less  refractive  character,  and  more  closely  re- 
nbling  organic  particles.  Short  homogeneous  fila- 
rnts,  having  all  the  appearance  of  Leptothrsx^  were 
^n  to  project  from  two  or  three  of  the  granule  heaps. 


Fio.  37. 

\aeUria,  Leptotbrix,  and  Spore-like  bodies  found  in  a  Solution  of 
Amnionic  Carbonate  and  Sodic  Phosphate.     (  X  800.) 

reral  Bacteria,  some  of  medium  size,  and  others  some- 
at  large  and  unjointed,  were  observed,  flitting  across 
r  field  of  view  with  quite  rapid  undulating  move- 
nts, whilst  others  were  seen  rapidly  rotating  on 
ir  long  axis.  There  were  also  many  figure -of- 8 
tped  bodies  which  showed  distinct  and  slightly  pro- 
ssive  movements — quite  different  from  those  which 
r  called  '  Brownian ' —  though  many  single  particles 
re  seen  which  soon  ceased  to  exhibit  movements  of 
Y  kind.     In  addition,  there  were  several  spore-like 
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bcxlies  having  doubly-contoured  walls,  which  were  also 
similar  to  those  of  the  last  solution. 

Experiment  y.  A  solution  containing  an  unweighed 
quantity  of  amnionic  tartrate  and  sodic  phosphate  in 
distilled  water. 

The  solution  in  this  tube  was  at  first  quite  colourless, 
clear,  and  free  from  visible  deposit.  About  the  fifth 
or  sixth  day,  however,  after  it  had  been  suspended  in 
a  warm  place,  a  number  of  small,  pale,  bluish-white 
flocculi  made  their  appearance  throughout  the  solution, 
and  continued  always  in  the  same  situation  except 
when  the  fluid  was  shaken, — owing  apparently  to  their 
specific  weight  being  the  same  as  that  of  the  fluid 
itself.  The  contents  of  the  tube  were  repeatedly 
scanned  with  the  greatest  care  with  the  aid  of  a  lens, 
though  nothing  else  could  be  seen  until  about  the 
expiration  of  a  month.  Then  there  was  observed, 
attached  to  one  of  the  flocculi,  about  Y'  ^^^  ^^ 
bottom  of  the  vessel,  a  small,  opaque,  whitish  speck, 
scarcely  bigger  than  a  pin's  point.  This  seemed  to 
increase  very  slowly  in  size  for  the  next  three  or  four 
weeks,  and  then  another  smaller  mass  was  also  per- 
ceived. At  the  expiration  of  this  time  the  larger  mass 
w^  more  than  |^^  in  diameter.  Both  could  be,  and 
were,  seen  by  several  people  with  the  naked  eye 
During  the  three  weeks  immediately  preceding  the 
opening  of  the  flask,  it  was  often  remarked  that  the 
mass  did  not  appear  to  have  undergone  any  inacasc 
in  size. 
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It  was  found  that  the  tube  acted  as  a  water-hammer 
only  to  a  trifling  extent  before  it  was  opened,  though, 
ivhen  the  narrow  end  of  the  tube  was  broken  oflF,  there 
leas  a  slight  dull  report,  and  a  quantity  of  small  particles 
rf  glass  were  swept  by  the  in-rush  of  air  into  the 
luid.  There  had  still,  then,  been  a  partial  vacuum  in 
lie  tube.  The  reaction  of  the  fluid  was  found  to  be 
slightly  acid. 

This  tube  was  opened  in  Dr.  Sharpe/s  presence. 
He  had  examined  the  white  masses  previously  with  a 
pocket-lens,  and  when  the  vessel  was  broken  the  larger 
vhite  mass  issued  with  some  of  the  first  portions  of 
;he  fluid,  which  were  poured  into  a  large  watch-glass. 
[t  was  at  once  taken  up  on  the  point  of  a  penknife 
ind  transferred  to  a  clean  glass  slip,  where  it  was  im- 
nersed  in  a  drop  of  the  experimental  fluid  and  then 
protected  by  a  thin  glass  cover.  On  microscopical 
examination,  we  at  once  saw  that  the  whitish  mass 
vas  composed  of  a  number  of  rounded  and  ovoidal 
ipores,  with  mycelial  filaments  issuing  from  them,  in 
dl  stages  of  development.  The  spores  varied  much  in 
ihape  and  dimensions  j  the  prevalent  size  being  about 
P^''  in  diameter,  though  one  was  seen  as  much 
IS  71^"  in  diameter.  They  all  possessed  a  single  and 
ather  large  nucleus,  which  was  mostly  made  up  of  an 
Lggregation  of  granular  particles.  Some  were  just  begin- 
ling  to  develop  mycelial  filaments  ^  others  had  already 
jiven  origin  to  such  filaments,  which  were  about  x-hxs" 
n  diameter,  and  in  which  were  scattered  some  colour- 
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less  protoplasmic  granules,  but  no  vacuoles.  Contiguous 
to  these  fresh  and  evidently  living  portions  of  the  plaot, 
there  were  other  parts  in  all  stages  of  decay,  in  whidi 


Fungus  found  ii 


I  solution  of  Amnionic  Tartrate  and  Soiiic 
Fhosphiie.    (  X  6oa) 


the  remains  of  the  filaments  were  seen  in  the  form 
of  more  or  less  irregular  rows  of  brownish  granules- 
representing  the  altered  protoplasmic  contents  of  * 
previous  filament,  whose  walls  were  now  often  scarcely 
visible.  Subsequently  the  smaller  white  mass  was 
picked  out,  and  this  was  found  to  contain  some  living 
mycelium  and  spores,  and  also  a  considerable  patch  (» 
decaying  filaments,  in  connection  with  which  there 
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«ras  a  long  and  broader  filament  bearing  at  its  distal 
extremity  a  large  aggregation  of  more  than  100  spores, 
quite  naked,  and  very  similar  in  character  to  those 
ftom.  which  the  mycelial  thread  arose.  This  plant  was 
evidently  a  Fenkillium^  quite  similar  to  what  had  been 
obtained  from  other  ammonic  tartrate  and  sodic  phos- 
{tete  solutions ^     The  delicate  fiocculi  that  first  made 

*  I  have  ascertained  that  the  life  of  this  particular  fungus  is  destroyed 
by  exposure  for  a  few  minutes  to  the  influence  of  boiling  water.    Placed 
Cfcn  in  a  mere  corked  flask,  containing  an  ammonic  tartrate  solution, 
the  boiled  fungus  does  not  grow,  whilst  an  unboiled  specimen  will  slowly 
increase  and  grow  in  all  directions.    (The  exirtnuly  slow  growth  of  the 
fimgas  in  this  solution  is  very  remarkable,  when  compared  with  the 
rapidity  with  which  other  muiute  liingi  increase  in  organic  solutions.) 
A  specimen  which  had  been  boiled  for  5"  was  kept  under  observation 
for  nearly  three  months,  and  it  showed  not  the  slightest  signs  of  growth. 
Mere  exposure  to  the  influence  of  boiling  water  for  a  few  minutes  suffices 
to  break  up  and  disperse  such  heads  of  fructification  as  are  represented 
m  Fig.  38,  and  also  to  produce  some  amount  of  disorganization  of  the 
filaments.      How  much  more,  therefore,  does  it  seem  likely  that  an 
exposure  to  146-153^0  for  four  hours,  should  prove  destructive  even  to 
mere  organic  forms  ?  With  the  view  of  answering  this  question,  I  placed 
a  quantity  of  a  small  fungus,  consisting  of  mycelial  filaments  and  multi- 
tudes of  spores  (closely  resembling,  although  not  quite  so  delicate  as 
those  which  were  met  with  in  the  saline  mixtures),  into  a  solution,  of  the 
same  strength  as  that  which  had  been  previously  employed,  of  tartrate 
of  ammonia  and  phosphate  of  soda  in  distilled  water,  and  then  handed 
it  over  to  Dr.  Frankland  with  the  request  that  he  would  kindly  treat  this 
in  the  same  way  as  he  had  done  the  other  solutions.     Accordingly, 
on  May  ii,  a  vacuum  having  been  produced  within  the  flask  before  it 
-was  hermetically  sealed,  the  solution  was  submitted  in  the  s  ime  digester 
to  a  temperature  of  146-1 53*^0  for  four  hours.     When  taken  from 
the  digester,  the  previously  whitish  mass  of  fungus  filaments  and  spores 
had  assumed  a  decidedly  brownish  colour,  and  it  was  in  great  part 
converted  into  mere  dSbris.    On  the  following  morning  the  flask  was 
broken,  and  some  of  the  remains  of  the  fungus  and  its  spores  were 
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their  appearance  in  the  solution,  and  which  persisted 
throughout,  were  gelatinous  and  made  up  of  aggre- 
gations of  the  finest  granules.  These,  however,  became 
almost  invisible  when  mounted  in  glycerine  and  car- 
bolic acid. 

Experiment  z.  A  solution  containing  eight  grains  of 
ammonic  tartrate,  and  three  grains  of  sodic  phosphate, 
in  one  ounce  of  New  River  water  (from  the  tap). 

On  dissolving  the  crystals  in  this  water,  a  small 
amount  of  fine  white  precipitate  was  produced.  After 
the  tube  was  taken  from  the  digester  a  fine  white  de- 
posit soon  subsided.  No  cloud-like  flocculi  appeared, 
and  no  further  change  was  discovered  in  the  solution. 
The  tube  was  opened  on  the  sixty-sixth  day,  after  the 
vacuum  had  been  ascertained  to  be  still  well  preserved. 
The  fluid  had  a  neutral  reaction,  and  on  microscopical 
examination  no  living  things  could  be  found,  either  in 
it  or  amongst  the  amorphous  granules  of  the  sediment '. 

In  addition  to  the  experiments  now  recorded,  I  have 
performed  twenty  others  in  which  the  tubes  and  solu- 

examincd  microscopically.  The  plant  was  completely  disorganised:  ^^ 
single  en  fire  spore  could  be  found ;  they  were  all  broken  up  into  sma>l 
and  more  or  less  irregular  particles,  and  the  filaments  were  more  or  less 
empty — containing  no  definite  contents,  and  being  only  represented  by 
torn  tubular  fragments  of  various  sizes. 

*  New  River  water  was  used  in  this  case  with  the  view  of  seeing  how 
the  results  would  be  modified.  It  probably  contained  too  much  linJC* 
salts  and  other  saline  constituents.  Germs,  of  course,  may  have  been 
present  in  abundance,  and  yet  no  living  things  were  subsequently  to  be 
found. 
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tions  were  exposed  to  still  higher  temperatures.  In 
fourteen  of  these  they  were  heated  to  a  temperature 
ranging  as  high  as  y.fY  (i64°C)  for  four  hours, 
whilst  in  the  other  six  they  were  maintained  at  a 
temperature  of  464'*F  (240*^0)  for  one  hour^  Some 
only  of  each  set  have  been  opened,  but  all  of  these 
were  wholly  devoid  of  living  things.  The  infusions 
of  hay  and  turnip  which  have  been  heated  to  the 
lower  temperature  of  327° F  were  almost  hopelessly 
changed  by  this  amount  of  heat.  When  taken  from 
the  digester,  the  previously  clear  and  colourless  turnip 
infusions,  for  instance,  were  of  a  brownish-black  colour  j 
owing  to  the  abundant  presence  of  granules  and  flakes 
of  charred  organic  matter,  which,  after  complete  sub- 
sidence, occupied  a  space  equal  in  bulk  to  one-fourth 
of  the  supernatant  brown  fluid.     Infusions  of  hay  were 

^  The  latter  tubes  had  been  sealed  in  the  blow-pipe  flame  during  the 
ebullition  of  their  contained  fluids.  Each  was  then  placed  in  a  very 
thick  iron  tube,  whose  internal  diameter  was  only  slightly  larger  than 
the  glass,  and  into  which  some  of  the  experimental  fluid  was  also  poured. 
Each  iron  tube  was  fitted  with  a  screw-cap,  which  was  firmly  fastened  by 
means  of  long  iron  wrenches,  whilst  the  tube  itself  was  secured  in  a  vice. 
The  hermetically  sealed  glass  tube  was  thus  enclosed  within  a  her- 
metically closed  iron  tube,  and  by  putting  the  same  kind  of  fluid  within 
each,  an  equal  pressure  was  ensured  upon  the  inner  and  the  outer  surfaces 
of  the  glass.  All  the  tubes  were  then  placed  in  an  iron  vessel  containing 
five  quarts  of  the  very  best  French  Colza  oil,  which  was  maintained,  by 
means  of  gas  burners,  at  a  temperature  of  464°F  for  one  hour.  Although 
the  oil  did  not  boil,  the  vapours  which  were  given  off  at  this  temperature 
were  most  disagreeable  and  suffocating,  and  made  me  feel  faint  and  giddy 
for  several  hours  afterwards.  Oils  of  inferior  quality  are  not  available, 
because  they  actually  boil  at  much  lower  temperatures. 
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charred  to  a  similar  extent.  Infusions  of  mutton, 
however,  were  scarcely  altered  in  colour  by  this  tempe- 
rature or  by  the  higher  one  of  464**  F,  and  only  a  small 
amount  of  a  light  flocculent  precipitate  was  thrown 
down.  But  on  opening  these  flasks,  the  mutton  infu- 
sion in  each  case  presented  a  very  strongly  ammoniacal 
and  otherwise  unpleasant  odour,  and  was  also  alkaline 
in  reaction.  The  organic  compounds  had,  therefore, 
been  differently  decomposed  in  these  cases — in  the  hay 
and  turnip  infusions  more  or  less  pure  carbon  had 
been  liberated,  whilst  the  mutton  solution  probably 
broke  up,  in  the  main,  into  ammonia  and  carbonic 
anhydride.  Seeing  that  the  organic  matter  was  so 
thoroughly  destroyed  in  these  infusions,  there  was  not 
much  chance  that  any  mere  shreds  of  it  should 
have  escaped  uninjured  in  the  tubes  which  contained 
various  saline  solutions.  And  in  those  experiments 
in  which  the  tubes  and  their  solutions  were  raised  to 
the  temperature  of  464^,  all  the  disadvantages  were 
further  augmented  by  the  extreme  amount  of  corrosion 
of  the  tubes,  which  took  place  even  when  the  hardest 
Bohemian  glass  was  employed. 

Confining  ourselves,  therefore,  to  a  consideration  of 
the  experiments  in  which  the  closed  flasks  containing 
the  experimental  fluids  have  been  heated  to  tempera- 
tures ranging  from  27o°-307°F,  the  results  arrived  at 
must  be  looked  at  from  two  or  three  different  points 
of  view. 
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Living  organisms  have,  undoubtedly,  been  obtained 
from  hermetically  sealed  flasks  which  had  been  heated 
for  various  periods  to  such  temperatures  j  and  many 
persons  have  been  not  a  little  surprised  at  the  com- 
paratively high  forms  of  life  which  have  presented 
themselves.  This  of  itself  has  been  deemed  by  some 
to  be  a  difficulty  of  so  serious  a  nature  as  to  make 
them  hesitate  to  accept  the  results  of  the  experiments — 
principally  on  account  of  a  preconceived  notion  that 
such  organisms  could  not  arise  de  novo  and  without 
ordinary  parentage.  Although  willing  to  concede  that 
the  very  simplest  organisms  might  so  arise,  they  are 
quite  indisposed  to  believe  that  some  of  the  higher 
forms  which  I  have  represented  could  have  had  an 
independent  origin.  I  will  not,  however,  at  present 
enter  upon  this  question,  but  will  merely  state  that 
such  difficulties  arc  likely  to  disappear  on  a  more 
thorough  consideration  of  the  subject — as  it  is  hoped 
the  reader  will  perceive  after  a  perusal  of  Chaps,  xiii. 
xiv.  and  xv. 

Limiting  ourselves  at  present  to  the  fact  that  specks 
of  living  matter  must  either  have  been  born  in  the 
experimental  fluids  after  they  had  been  exposed  to 
the  heat,  or  else  (having  pre-existed  in  the  fluids)  have 
braved  its  influence,  we  have  merely  again  to  consider 
which  of  these  alternatives  is  the  more  probable.  A 
choice  must  be  made,  and  yet,  as  Prof.  Wyman  has 
pointed  out,  it  does  not  appear  at  first  sight  that  a 
profitable  resort  can  be  made  to  arguments  from  analogy. 
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He  says  ^ : — '  If,  on  the  one  hand,  it  is  urged  that  all 
organisms,  in  so  far  as  the  early  history  of  them  is 
known,  are  derived  from  ova,  and  therefore  from 
analogy,  we  must  ascribe  a  similar  origin  to  these 
minute  beings  whose  early  history  we  do  not  know; 
it  may  be  urged  with  equal  force,  on  the  other  hand, 
that  all  ova  and  spores,  in  so  far  as  we  know  anything 
about  them,  are  destroyed  by  prolonged  boiling:  there- 
fore from  analogy  we  are  equally  bound  to  infer  that 
Vibrios,  Bacteriums,  &c.,  could  not  have  been  derived 
from  ova,  since  these  would  all  have  been  destroyed  by 
the  conditions  to  which  they  have  been  subjected. 
The  argument  from  analogy  is  as  strong  in  the  one 
case  as  in  the  other.' 

We  do  not  think,  however,  that  the  analogical 
arguments  are  so  nearly  balanced  as  Prof.  Wyman 
appears  to  consider  them.  Whilst  it  would  contradict 
all  our  previous  experience,  and  violate  the  uniformity 
of  natural  laws,  if  certain  pre-existing  germs  had  been 
able  to  survive  the  exposure  to  which  they  must  have 
been  subjected  in  my  experimental  flasks,  it  would  in 
no  way  outrage  our  experience  if  we  found  that  specks 
of  living  matter  might  form  de  novo  in  some  fluids,  just 
as  specks  of  crystalline  matter  form  in  other  fluids— 
especially  as  they  do  actually  appear,  under  the  micro- 
scope, to  arise  in  this  way.  The  physical  doctrines  of 
life  which  are  now  so  widely  believed  in,  speak  unhesi- 
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ingly  in  favour  of  the  latter  possibility.  So  that 
r  have  an  analogical  argument  of  great  force,  and,  in 
dition,  most  overwhelming  experimental  evidence, 
iding  to  oppose  a  mere  dogma  {omne  vtvum  ex  vivo) 
lich  many  erroneously  believe  to  be  a  legitimate 
Ference  from  every-day  experience.  I  say  that  this 
Ference  is  erroneous,  because,  whilst  we  do  know 
mething  about  the  ability  which  most  organisms 
ssess  of  reproducing  similar  organisms^  we  cannot 
ssibly  say,  from  direct  observation,  that  every  organism 
lich  exists  has  had  a  similar  mode  of  origin.  The 
ses  in  which  organisms  may  have  originated  Je  novo 
e  the  very  cases  in  which  their  mode  of  origin  must 
ide  our  observation;  for  it  can  actually  be  shown 
at  some  organisms  make  their  appearance  in  fluids 
ter  precisely  the  same  fashion  as  crystals — that  is  to 
y,  they  can  be  seen  to  arise  independently  of  all 
e-existing  visible  germs  ^ 

Germs,  therefore,  which  cannot  be  seen,  and  which 
►body  knows,  are  not  only  presumed  to  exist,  but 
jntrary  to  all  evidence)  they  are  to  be  deemed 
pable  of  resisting  the  influence  of  far  higher  tempe- 

Havin^  made  this  announcement  on  a  previous  occasion,  and 
ring  had  the  satisfaction  of  finding  it  pooh-poohed  as  an  idle  state- 
nt,  I,  still  believing  in  its  truth,  am  glad  to  ascertain  that  others  hold 
:  same  opinion.  Dr.  Burdon  Sanderson  says  in  a  recent  Memoir 
tiirteenth  Report  of  the  Medical  Officer  of  the  Privy  Council, 
62) : — *  From  the  most  careful  and  repeated  examinations  of  water 
)wn  to  be  zymotic,  we  have  leamt  that  such  waters  often  contain  no 
ments  or  particles  whatever  which  can  be  detected  by  the  microscope.' 
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ratures  than  those  which,  on  other  occasions,  are 
uniformly  found  to  be  fatal  to  all  germs  with  which 
experiment  is  made,  whether  visible  or  invisible.  And, 
moreover,  some  would  have  us  give  credence  to  these 
assumptions  and  improbabilities,  in  order  to  stave 
ofF  a  belief  in  the  occurrence  of  something  which 
would  be  thoroughly  harmonious  with  all  the  best 
biological  knowledge  of  the  day. 

Let  the  reader  finally  consider  the  extent  of  the 
contradictions  which  would  be  involved  by  the  ac- 
ceptance of  the  hypothesis,  that  the  results  of  my 
experiments  are  to  be  explained  by  the  assumption 
that  some  preexisting  germs  escaped  death  within  the 
closed  flasks,  during  the  fiery  ordeal  to  which  they  had 
been  submitted. 

It    has    been    previously   shown    that   Bacteria   and 
Torul£ — as  well  as  their  germs,  both  visible  and  in- 
visible 1 — are  killed  by  exposure  for  ten  minutes  to  a 
temperature  of  140°  F,  and  that  they  are  even  destroyed 
by  a  heat   of  I25°F,  when   it   is  prolonged  for  four 
hours.     It  is,  moreover,  admitted  by  all  persons  who 
have  paid  an  adequate  attention  to  the  subject,  that  all 
such  low  organisms  as  may  be  met  with  in  the  experi- 
mental fluids,  are  unable  to  resist  the  destructive  in- 
fluence of  boiling  water.    And  yet  now,  in  addition  to 
all  the  evidence  previously  detailed,  we  again  find  living 
organisms  occurring  in  closed  flasks  which  have  been 

>  See  pp.  331-333. 
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Exposed  to  a7o°F,  and  293®F,  and  even  in  others 
^hich  have  been  heated  to  295°-307°F  for  four  hours. 
Of  these  experiments  none  have,  perhaps,  yielded  more 
striking  results  than  No.  b.  Here  active  Frotamteha 
and  ciliated  Monads  were  taken  from  an  hermetically 
sealed  flask  which,  eight  weeks  previously,  had  been 
exposed  to  a  temperature  of  27o°-275®F^  and  these 
very  organisms  were  killed  by  the  same  temperature 
(i4o''F)  as  that  which  has  been  found  to  prove  fetal  to 
all  other  Monads  and  Protamteha. 

It  seems  scarcely  possible  to  present  experimental 
evidence  which  could  speak  more  plainly  in  favour  of 
the  occurrence  of  Archebiosis. 
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iry . —  Works  by  G.  B.  AiRY,  Astronomer  Royal : — 

ELEMENTARY  TREATISE  ON  PARTIAL  DIFFERENTIAL 
EQUATIONS.  Designed  for  the  Use  of  StudenU  in  the  UniTer- 
sities.     With  Diagrams.     Crown  8vo.  doth.     5x.  6<£ 

//  f!r  hoped  that  the  methods  of  solution  here  explatned,  and  the  in* 
stances  exhibited,  will  be  found  sufficient  for  applicaHon  to  nearly 
all  the  important  problems  of  Physical  Science^  which  repwr  for 
their  complete  investigation  the  aid  of  Partial  Dijferential  Efua* 
tions, 

3N  THE  ALGEBRAICAL  AND  NUMERICAL  THEORY  OF 
ERRORS  OF  OBSERVATIONS  AND  THE  COMBINA. 
TION  OF  OBSERVATIONS.     Crown  8vo.  doth.    6s.  6d. 

In  order  to  spare  astronomers  and  observers  in  natural  philosophy  the 
confusion  and  loss  of  time  which  are  produced  by  rrferring  to  the 
ordinary  treatises  embracing  both  branches  of  probabilities  (the  first 
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relating  to  chances  which  can  be  altered  only  by  the  changes  ofaUin 
units  or  integral  multiples  of  units  in  the  fundamental  comStiBm 
of  the  problem  ;  the  other  concerning  those  chances  which  hoot 
respect  to  insensible  gradations  in  the  value  of  the  element  measuni^i 
this  volume  has  been  drawn  up.  It  relates  only  to  errors  of  ohservaf 
tiony  and  to  the  rules,  derivable  from  the  consideration  of  these 
errors,  for  the  combination  of  the  results  of  observations. 

UNDULATORY  THEORY  OF  OPTICS.  Designed  for  the  Use 
of  Studtnts  in  the  University.  New  Edition.  Crown  8vo.  doth. 
ts.  6d. 

7%e  undulatory  theory  of  optics  is  presented  to  the  reader  as  having 
the  same  claims  to  his  attention  as  the  theory  ofgravitation, — namd^ft 
that  it  is  certainly  true,  and  that,  by  mcUhematical  operaAm 
of  general  elegance,  it  leads  to  results  of  great  interest,  lids  theory 
explains  with  accuracy  a  vast  variety  of  phenomena  of  the  most 
complicated  hind.  The  plan  of  this  tract  has  been  to  include  thm 
phenomena  only  which  admit  of  calculation,  and  the  investigations 
are  applied  only  to  phenomena  which  actually  have  been  observed. 

ON  SOUND  AND  ATMOSPHERIC  VIBRATIONS.  With 
the  Mathematical  Elements  of  Music.  Designed  for  the  Use  of 
Students  of  the  University.  Second  Edition,  revised  and  enlarged. 
Crown  8vo.     91. 

This  volume  consists  of  sections,  which  again  are  divided  into  mm' 
bered  articles,  on  the  following  topics : — General  recognition  of  the 
air  as  the  medium  which  conveys  sound ;  Properties  of  the  air  on 
which  the  formation  and  transmission  of  sound  depend;  Theory  ^ 
undulations  as  applied  to  sound,  etc. ;  Investigation  of  the  motion 
of  a  wave  of  air  through  the  atmosphere;  Transmission  of  waves 
of  soniferous  vibrations  through  different  gases,  solids,  and  fimds; 
Experiments  on  the  velocity  of  sound,  etc. ;  On  musical  sounds, 
and  the  manner  of  producing  them;  On  the  dements  of  musical 
harmony  and  melody,  and  of  simple  musical  composition;  On  m- 
strumental  music;  On  the  human  organs  of  speech  and  hearing. 

A  TREATISE  ON  MAGNfeTISM.     Designed  for  the  Use  of 
Students  in  the  Univernty.     Crown  8vo.    91.  6d. 

As  the  laws  of  Magnetic  Force  have  been  experimentally  examined^ 
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with  philosophical  accuracy^  only  in  its  connection  with  iron  and 
sted,  and  in  the  influence  excited  by  the  earth  as  a  whoie,  the 
accurate  portums  of  this  work  are  confined  to  the  investigations  con- 
nected  with  these  metals  and  the  earth.  The  latter  part  of  the 
worky  however,  treats  in  a  more  general  way  of  the  laws  of  the 
connection  between  Magnetism  on  the  one  hand  and  GcUvanism 
and  Thermo- Electricity  on  the  other.  The  work  is  divided  into 
Tivdve  Sections,  and  each  section  into  numbered  articles,  each 
of  which  states  concisdy  and  clearly  the  subject  of  the  following 
paragraphs. 

ill  (R.  S.,  A.M.)— EXPERIMENTAL  MECHANICS.  A 
Course  of  Lectures  delivered  at  the  Royal  College  of  Science  for 
Ireland.  By  Robert  Stawell  Ball,  A.  M.,  Professor  of  Applied 
Mathematics  and  Mechanics  in  the  Royal  Collie  of  Science  for 
Ireland  (Science  and  Art  Department).     Royal  8vo.  i6s. 

The  author's  aim  in  these  twenty  Lectures  has  been  to  create  in  the 
mind  of  the  student  physical  ideas  corresponding  to  theoretical  laws, 
and  thus  to  produce  a  work  which  may  be  regarded  either  as  a  sup- 
plement  or  an  introduction  to  manuals  of  theoretic  mechanics.  To 
realize  this  design,  the  copious  use  of  experimental  illustrations  tvos 
necessary.  The  apparatus  used  in  the  Lectures  and  figured  in  the 
volume  has  been  principally  built  up  from  Professor  WilH^s  most 
admirable  system.  In  the  selection  of  the  subjects,  the  question  of 
practical  utility  has  in  many  cases  been  regarded  as  the  one  of  para* 
mount  importance,  and  it  is  believed  that  the  mode  of  treatment 
which  is  adopted  is  more  or  less  original.  This  is  especially 
the  case  in  the  iMtures  relating  to  friction,  to  the  mechanical 
powers,  to  the  strength  of  timber  and  structures,  to  the  laws  of 
motion,  and  to  the  pendulum.  The  illustrations,  drawn  from 
the  apparatus,  are  nearly  all  original  and  are  beautifully  exe* 
cuted.  **In  our  reading  we  have  not  met  with  any  book  of  the  sort 
in  English." — Mechanics'  Magazine. 

lyma.— THE  ELEMENTS  OF  MOLECULAR  MECHA- 
NICS. By  Joseph  Bayma,  S.J.,  Professor  of  Philosophy, 
Stonyhurst  College.     Demy  8to.  cloth.     iQr.   6d, 

Of  the  tivelve  Books  into  which  this  treatise  is  divided,  the  first 
and  second  give  the  demonstration  of  the  principles  which  bear 
directly  on  the  constitution  and  the  properties  of  matter.     The  next 
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three  books  contain  a  series  of  theorems  and  of  proMems  on  the  lew 
of  motion  of  elementary  substances.  In  the  sixth  and  seventky  the 
mechanical  constitution  of  molecules  is  itwesttgated  and  delermud: 
and  by  it  the  general  properties  of  bodies  are  explained,  Tkeagktk 
book  treats  of  luminiferous  ether.  The  ninth  explains  some  special 
properties  of  bodies.  The  tenth  and  eleventh  contain  a  radical  and 
lengthy  investigation  of  chemical  principles  and  relations^  wkkh 
may  lead  to  practical  results  of  high  importance.  Tlu  twdfik  and 
last  book  treats  of  molecular  masses^  distances^  and  powers. 

Boole Works    by    G.    Boole,    D.C.L,    r.R.S.,    Professor  of 

Mathematics  in  the  Queen's  University,  Ireland  : — 

A  TREATISE  ON  DIFFERENTIAL  EQUATIONS.   Ncwind 
revised  Edition.  Edited  by  I.  Todhunter.  Crown  8vo.  dodu  14*- 

Professor  Boole  has  endeavoured  in  this  treatise  to  convey  as  comfUU 
an  account  of  the  present  stcUe  of  knowledge  on  the  subject  ef  Dif- 
ferential Equations^  as  was  consistent  with  the  idea  of  a  work  in- 
tendedf  primarily ^  for  dementary  instruction.      The  earlier  sectimi 
of  each  chapter  contain  that  kind  of  matter  which  has  usually  been 
thought  suitable  for  the  beginner^  while  the  latter  ones  are  devoted 
either  to  an  account  of  recent  discovery,  or  the  discussion  of  such 
deeper  questions  of  principle  as  are  likely  to  present  themselves  to  the 
reflective  student  in  connection  with  the  methods  and  processes  of  kis 
previous  course. 

A  TREATISE  ON  DIFFERENTIAL  EQUATIONS.  Suppk- 
mentary  Volume.  Edited  by  I.  Todhunter.  Crown  8vo.  doth. 
%s.  (uL 

This  volume  contains  all  that  Professor  Boole  wrote  for  the  purpose 
of  enlarging  his  treatise  on  Differential  Equations. 

THE  CALCULUS  OF  FINITE  DIFFERENCES.  Crown  8to. 
doth.     los.  6d, 

In  this  exposition  of  the  Calculus  of  Finite  D^erences^  particular 
attention  has  been  paid  to  the  connection  of  its  methods  with  those  of 
the  Differential  Calculus — a  connection  which  in  some  instances  iu' 
vohes  far  more  than  a  merely  formal  analogy.  The  work  is  in 
some  meeuure  designed  as  a  sequel  to  Professor  BooUs  Treatise  on 
Differential  Equations. 
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ambridge  Senate-House  Problems  and  Riders, 

WITH  SOLUTIONS  :— 

1848-1851.— PROBLEMS.  By  Ferrers  and  Jackson.  8vo. 
cloth.     i$s.  dd. 

1848-1851.— RIDERS.     By  Jameson.    8vo.  cloth,     ^s.  6d. 

1854.— PROBLEMS  AND  RIDERS.  By  Walton  and 
Mackenzie.     8vo.  cloth.     lor.  6d. 

1857.— PROBLEMS  AND  RIDERS.  By  Campion  and 
Walton.     8vo.  cloth.    8j.  6d. 

i860.— PROBLEMS  AND  RIDERS.  By  Watson  and  Routh. 
Crown  8vo.  cloth,     yj.  dd. 

1864.— PROBLEMS  AND  RIDERS.  By  Walton  and  Wil- 
kinson.    8vo.  cloth.     lor.  6d. 

These  7folumes  will  be  found  of  great  value  to  Teachers  and  StudentSt 
as  indicating  the  style  and  range  of  mathematical  study  in  the 
University  of  Cambridge, 

ambridge    and    Dublin    Mathematical   Journal. 

The  Complete  Work,  in  Nine  Vols.     8vo.  cloth.     10/.  lOf. 

Only  a  few  copies  remain  on  hand.  Among  contributors  to  this 
work  will  be  found  Sir  W,  Thomson,  Stokes,  Adams,  Boole,  Sir 
IV,  R.  Hamilton,  De  Morgan,  Cayley,  Sylvester,  Jellett,  and  other 
distinguished  mathematicians, 

:heyne.— Works  by  C.  PL  H.  Cheyne,  M.A.,  F.R.A.S.:— 

AN  ELEXiENTARY  TREATISE  ON  THE  PLANETARY 
THEORY.  With  a  Collection  of  Problems.  Second  Edition. 
Crown  8vo.  cloth,     dr.  6d, 

In  this  volume,  an  attempt  has  been  made  to  produce  a  treatise  on  the 
Planetary  theory,  which,  being  elementary  in  character,  should  be 
so  far  complete  as  to  contain  all  that  is  usually  required  by  students 
in  the  University  of  Cambridge,  This  Edition  has  been  carefully 
revised.  The  stability  of  the  Planetary  System  has  been  more  fully 
treated,  and  an  elegant  ^metrical  explanation  of  the  formula  for 
the  secular  variation  of  the  node  and  inclination  has  been  in- 
troduced. 

THE  EARTH'S  MOTION  OF  ROTATION.  Crown  8vo. 
y,  6d. 
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The  first  part  of  this  work  consists  of  an  application  of  the  metlui  ^ 
the  variation  of  dements  to  the  general  problem  tf  rotation.  In  tie 
second  part  the  general  rotation  formula  are  applied  to  tkepar^ador 
case  of  the  earth. 

Childe.— THE  SINGULAR  PROPERTIES  OF  THE  ELLIP- 
SOID  AND  ASSOCIATED  SURFACES  OF  THE  Nth 
DEGREE.  By  the  Rev.  G.  F.  Childe,  M.A.,  Author  of 
"  Ray  Surfaces,"  "  Related  Caustics,"  &c     8vo.     lOr.  6d, 

The  object  of  this  volume  is  to  develop  peculiarities  in  the  JEUipscid; 
and^  further,  to  establish  analogous  properties  in  the  unlimiiid coih 
generic  series  of  which  this  remarkable  surface  is  a  constituent. 


DodgSOn.— AN  ELEMENTARY  TREATISE  ON  DETER- 
MINANTS, with  their  Application  to  Simultaneous  Linatf 
Equations  and  Algebraical  Geometry.  By  Charles  L.  Dodgson, 
M.A.,  Student  and  Mathematical  Lecturer  of  Christ  Churdi, 
Oxford.     Small  4to.  cloth,     los.  6d. 

The  object  of  the  author  is  to  present  the  subject  as  a  contimuus 
chain  of  argument,  separated  from  all  accessories  of  exflonatiff* 
of  illustration.  All  such  explanation  and  illustration  as  uemd 
necessary  for  a  beginner  are  introduced  either  in  the  form  of 
foot-notes,  or,  where  that  would  have  occupied  too  much  room,  of 
Appendices. 

Earnshaw    (S.,    M.A.)— partial    differential 

EQUATIONS.  An  Essay  towards  an  «ntirely  New  Method  of 
Integrating  them.  By  S.  Earnshaw,  M.A.,  of  St  John's 
College,  Cambridge.     Crown  8vo.     5j. 

The  peculiarity  of  the  system  expounded  in  this  work  is,  that  in  every 
equation,  whatever  be  the  number  of  original  independent  varii^* 
the  work  of  integration  is  at  once  reduced  to  the  use  of  one  indepe^' 
dent  variable  only.  The  author^ s  object  is  merely  to  render  w 
method  thoroughly  intdligible.  The  various  steps  of  the  invest' 
tion  are  all  obedient  to  one  general  principle :  and  though  in  some 
degree  novd,  are  not  really  difficult,  but  on  the  contrary  easy  vhen 
the  eye  has  become  accustomed  to  the  novdties  of  the  notation.  MaV 
of  the  results  of  the  integrations  are  far  more  general  than  theyvtere 
in  the  shape  in  which  they  appeared  informer  Treatises,  and  maitf 
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Equations  ttnll  be  found  in  this  Essay  integrated  with  ease  infinite 
terms  f  which  were  never  so  integrated  he/ore. 

Ferrers.— AN  elementary  treatise  on  trilinear 

CO-ORDINATES,  the  Method  of  Reciprocal  Polars,  and  tbe 
Theory  of  Projectors.  By  the  Rev.  N.  M.  Ferrers,  M.  A.,  Fellow 
and  Tutor  of  Gonville  and  Cains  College,  Cambridge.  Second 
Edition.     Crown  8vo.     dr.  6d, 

The  object  of  the  author  in  writing  on  this  subject  has  mainiy  been  to 
place  it  Oft  a  basis  altogether  independent  of  the  ordinary  Cartesian 
systeniy  instead  of  regarding  it  as  only  a  special  form  of  Abridged 
Notation,     A  short  chapter  on  Determinants  has  been  introduced. 

Frost.— THE  FIRST  THREE  SECTIONS  OF  NEWTON'S 
PRINCIPIA.  With  Notes  and  lUustradons.  Also  a  Collection 
of  Problems,  principally  intended  as  Examples  of  Newton's 
Methods.  By  Percival  Frost,  M.  A.,  late  Fellow  of  St  John's 
College,  Mathematical  Lecturer  of  King's  College,  Cambridge. 
Second  Edition.     8vo.  cloth.     lOr.  6</. 

The  authot^s  principal  intention  is  to  explain  difficulties  which  may  be 
encountered  by  the  student  on  first  reading  the  Principia,  and  to 
illustrate  the  advantages  of  a  careful  study  of  the  methods  employed 
by  Newton^  by  showing  the  extent  to  which  they  may  be  applied  in 
the  solution  of  problems  ;  he  has  also  endeavoured  to  give  assistance 
to  the  student  who  is  engaged  in  the  study  of  the  h^her  branches  of 
mathematics^  by  representing  in  a  geometrical  form  several  of  the 
processes  employed  in  the  Differential  and  Integral  Calculus,  and  in 
the  analytical  investigations  of  Dynamics. 

Frost  and  Wolstenholme. — a  treatise  on  SOLID 

GEOMETRY.  By  Percival  Frost,  M.A.,  and  the  Rev.  J. 
Wolstenholme,  M.A.,  Fellow  and  Assistant  Tutor  of  Christ's 
College.     8vo.  cloth,     i&r. 

Intending  to  make  the  subject  accessible,  at  least  in  the  earlier  portions 
to  all  classes  of  students,  the  authors  have  endeavoured  to  explain 
completely  all  the  processes  which  are  most  useful  in  dealing  with 
ordinary  theorems  and  problems,  thus  directing  the  student  to  the 
sdection  of  tftethods  which  are  best  adapted  to  the  exigencies  of  each 
problent.     In  the  more  difficult  portions  of  the  subject,  they  have 
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considered  thtmsdva  to  he  addressing  a  higher  class  of  studaUs; 
and  they  have  there  tried  to  lay  a  good  foundatum  on  which  to 
build,  if  any  reader  should  wish  to  pursue  the  science  beyond  the 
limits  to  which  the  work  extends, 

Godfray. —  Works    by    Hugh    Godfray,    M.A.,    Mathcmtdcal 
Lecturer  at  Pembroke  Collie,  Cambridge : — 

A  TREATISE  ON  ASTRONOMY,  for  the  Use  of  Colleges  and 
Schools.     8vo.  cloth,     izr.  6d, 

This  book  embraces  all  those  branches  of  Astronomy  which  have,  from 
time  to  time,  been  recommended  by  the  Cambridge  Board  of  Matke- 
nuUiccd  Studies  :  but  by  far  the  larger  and  easier  portiim,  adapted 
to  the  first  three  days  of  the  Examination  for  Honours,  may  be  read 
by  the  more  advanced pupUs  in  many  of  our  schools.  The  authois 
aim  has  been  to  convey  clear  and  distinct  ideas  of  the  cdestiaJ  phe- 
nomena, **It  is  a  working  book"  says  the  Guardian,  *^ taking 
Astronomy  in  its  proper  place  in  the  Mathematical  Sciences.  .  .  . 
It  is  a  book  which  is  not  likely  to  be  got  up  unintdligently." 

AN  ELEMENTARY  TREATISE  ON  THE  LUNAR 
THEORY,  with  a  Brief  Sketch  of  the  Problem  up  to  the  time  of 
Newton.     Second  Edition,  revised.     Crown  8vo.  cloth,    ^s.  ()d. 

These  pages  will,  it  is  hoped,  form  an  introduction  to  more  recondite 
works.  Difficulties  have  been  discussed  at  considerable  length.  The 
sdection  of  the  method  followed  with  regard  to  analytical  solutions, 
which  is  the  same  as  that  of  Airy,  Herschdl,  dc.,  was  made  on 
account  of  its  simplicity ;  it  is,  moreover,  the  method  which  has 
obtained  in  the  University  of  Cambridge.  **  As  an  elementary 
treatise  and  introduction  to  the  subject,  we  think  it  nuiy  justly  claim 
to  supersede  all  former  ones." — London,  Edinburgh,  and  Dublin 
PhiL  Magazine. 

Green  (George).— mathematical  papers  of  the 

LATE  GEORGE  GREEN,  Fellow  of  Gonville  and  Caius 
College,  Cambridge.  Edited  by  N.  M.  Ferrers,  M.A.,  Fellow 
and  Tutor  of  Gonville  and  Caius  College.     8vo.     i^. 

The  publication  of  this  book  may  be  opportune  at  present,  as  several 
of  the  subjects  with  which  they  are  directly  or  indirectly  concerned 
have  recently   been    introduced  into  the  course  of  mathematical 
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study  at  Cambridge.  77uy  have  also  an  interest  as  being  the  work 
of  an  almost  entirely  self-taught  mathemoHcal  genius.  The  Papers 
comprise  the  following: — An  Essay  on  the  application  of  Mathe- 
matical Analysis  to  the  Tfuories  of  Electricity  and  Magnetism — 
On  the  Laws  of  the  Equilibrium  of  Fluids  analogous  to  the  Electric 
Fluid — On  the  Determination  of  the  Attractions  of  Ellipsoids  of 
variable  Densities — On  the  Motion  of  Waves  in  a  variable  Canal 
of  small  depth  and  width — On  the  Reflection  and  Refraction  of 
Sounds  On  the  Reflection  and  Refraction  of  Light  at  the  Common 
Surface  of  two  Non- Crystallized  Media — On  the  Propagation  of 
Light  in  Crystallized  Media — Researches  on  the  Vibrations  of  Pen- 
dulums in  Fluid  Media.  *^  It  has  been  for  some  time  recognized 
that  Greenes  writings  are  amongst  the  most  valuable  mathematical 
productions  we  possess." — Athenaeum. 

■icmming.— AN  ELEMENTARY  TREATISE  ON  THE 
DIFFERENTIAL  AND  INTEGRAL  CALCULUS.  For  the 
Use  of  Colleges  and  Schools.  By  G.  W.  Hemming,  M.A., 
Fellow  of  St.  John*s  College,  Cambridge.  Second  Edition,  with 
Corrections  and  Additions.     8vo.  cloth.     9J. 

•*  There  is  no  book  in  common  use  from  which  so  clear  and  exact  a 
knowledge  of  the  principles  of  the  Calculus  can  be  so  readily  ob- 
tained."— Literary  Gazette. 

ackson. — GEOMETRICAL  CONIC  SECTIONS.  An  Ele- 
mentary Treatise  in  which  the  Conic  Sections  are  defined  as  the 
Plane  Sections  of  a  Cone,  and  treated  by  the  Method  of  Projections. 
By  J.  Stuart  Jackson,  M.  A  ,  late  Fellow  of  Gonville  and  Caius 
College.     Crown  8vo.     4J.  (yd. 

This  work  has  hecft  written  with  a  view  to  give  the  student  the  benefit 
of  the  Method  of  Projections  as  applied  to  the  Ellipse  and  Hyper- 
bola. When  this  method  is  admitted  into  the  treatment  of  Conic 
Sections  there  are  many  reasons  why  they  should  be  defined^  not 
with  reference  to  the  focus  and  directrix^  but  according  to  the 
original  definition  from  which  tliey  have  their  name,  as  Plane 
Sections  of  a  Cone.  This  method  is  calculated  to  produce  a  material 
simplification  in  the  treatment  of  these  curves  and  to  make  the  proof 
of  their  properties  more  easily  understood  in  the  first  instance  and 
more  easily  remembered.  It  is  also  a  paiverful  instrument  in  the 
solution  of  a  large  class  of  problems  relating  to  these  curves. 
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Morgan.— A  collection  of  problems  and  exam. 

PLES  IN  MATHEMATICS.  With  Answers.  By  R  A. 
Morgan,  M.A.,  Sadlerian  *and  Mathematical  Lecturer  of  Jesos 
CoU^;e,  Cambridge.    Crown  8va  doth.     6c  6<L 

This  book  contmns  a  number  of  probUms,  ckkfy  eUmenUuy^  m  ikt 
McUhemaiical  suijects  usually  read  at  Camhridge,  They  hoot  iem 
sdectedfrom  the  Papers  set  during  late  years  at  Jesus  CcU^  Very 
few  of  them  are  to  be  met  with  in  other  collections,  emdbyfvthe 
larger  number  are  due  to  some  of  the  mast  distinguished  Mathe- 
maticians in  the  University, 

Hewton's  Principia.— 4to.  cloth.    31X.  6«/. 

It  is  a  suf^Hent  guarantee  of  the  rdiability  of  this  complete  e£tiM  of 
Newtoris  Principia  that  it  has  been  printed  for  and  under  the  can 
of  Professor  Sir  William  T^mson  and  Professor  Blachhmmy  ^ 
Glasgow  University,  The  foUawing  notice  is  pr^xed  : — "Fin&i§ 
that  all  the  editions  of  the  Principia  are  new  out  of  print,  we  kave 
been  induced  to  reprint  NewtofCs  last  edition  [of  1 726]  without  mte 
or  comment,  only  introducing  the  *  Corrigenda  *  of  the  old  copy  and 
correcting  typographical  errors"  The  book  is  of  a  handsome  sisit 
with  large  type,  fine  thick  paper,  and  cleanly-'cut  figures,  and  is 
the  only  recent  edition  containing  the  whole  of  Newtotis  great 
work, 

Parkinson. — Works  by  S.  Parkinson,  D.D.,  F.R.S.,  Fellow 
and  Tutor  of  St.  John's  College,  Cambridge  : — 

AN  ELEMENTARY  TREATISE  ON  MECHANICS.  For  the 
Use  of  the  Junior  Classes  at  the  University  and  the  Higher  Classes 
in  Schools.  With  a  Collection  of  Examples.  Fourth  Edition, 
xevised.     Crown  8yo.  cloth.     %  6d. 

In  preparing  a  fourth  edition  of  this  work  the  author  has  kept  the 
same  object  in  inew  as  he  had  in  the  fanner  editions — namely,  to  in^ 
elude  in  it  such  portions  of  Theoretical  Mechanics  as  can  be  con- 
veniently investigated  zoithout  the  use  of  the  Differential  Calculus^ 
and  so  render  it  suitable  as  a  manual  for  the  junior  classes  in  the 
University  and  the  higher  classes  in  Schools.  JVith  one  or  two  short 
exceptions,  the  student  is  not  presumed  to  require  a  knowletlge  of  any 
■branches  of  Mathematics  beyond  the  dements  of  Algebra^  Geometry, 
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and  Trigonomdry.  Severed  addUumal  propositions  have  been  in* 
corporated  in  the  work  far  the  purpose  of  rendering  it  more  complete^ 
and  the  collection  of  Exam^es  and  Problems  has  been  largely  in* 
creased, 

A  TREATISE   ON  OPTICS.    Thiid  Edition,   revised  and  en- 
lax^ed.     Crown  8vo.  cloth,     los,  6d, 

A  collection  of  Examples  and  Problems  has  been  appended  to  this  work, 
which  are  sufficiently  numerous  and  varied  in  character  to  afford 
useful  exercise  far  the  student.  For  the  greater  part  of  them,  re* 
course  hcts  been  had  to  the  Examination  Papers  set  in  the  Umversiiy 
and  the  severed  Colleges  during  the  last  twenty  years, 

>hear.— ELEMENTARY  HYDROSTATICS.  With  Numerous 
Examples.  By  J.  B.  Phear,  M.A.,  Fellow  and  late  Assistant 
Tutor  of  Clare  College,  Cambridge.  Fourth  Edition.  Crown  8yo. 
cloth.     $s.  6d. 

This  edition  has  been  carefully  revised  throughout,  and  many  new 
Illustrations  and  Examples  added,  which  it  is  hoped  will  increase 
its  usefulness  to  students  at  the  Universities  and  in  Schools,  In  ac* 
cordance  with  suggestions  from  many  engaged  in  tuition,  answers  to 
all  the  Examples  have  been  given  at  the  end  of  the  book. 

^ratt.— A  TREATISE  ON  ATTRACTIONS,  LAPLACE'S 
FUNCTIONS,  AND  THE  FIGURE  OF  THE  EARTH. 
By  John  H.  Pratt,  M.A.,  Archdeacon  of  Calcutta,  Author  of 
"  The  Mathematical  Principles  of  Mechanical  Philosophy."  Fourth 
Edition.     Crown  8vo.  cloth.     6x.  dd. 

The  author's  chief  design  in  this  treatise  is  to  give  an  answer  to  the 
question,  **Has  the  Earth  acquired  its  present  form  from  being 
originally  in  a  fluid  state  ?"  This  edition  is  a  complete  revision  of 
the  former  ones, 

?UCkle.— AN  ELEMENTARY  TREATISE  ON  CONIC  SEC^ 
TIONS  AND  ALGEBRAIC  GEOMETRY.  With  numerous 
Examples  and  Hints  for  their  Solution  ;  especially  designed  for  the 
Use  of  Beginners.    By  G.   H.  PucKLE,  M.A.,  Head  Master  of 


12  SCIENTIFIC  CATALOGUE. 

Windermere    College.      New    Edition^    revised    and   enlargei 
Crown  8vo.  cloth.     Ts.  dd. 

This  work  is  recommended  by  the  Syndicate  of  the  Cambridge  Lccal 
Examinations^  and  is  the  text-hook  in  Harvard  University ^  U.S. 
The  Athenueum  says  the  author  ^^ displays  an  intimate  acqwdni- 
ance  with  the  difficulties  likely  to  be  fdt^  together  with  a  singular 
aptitude  in  removing  them,** 

Routh.— AN  ELEMENTARY  TREATISE  ON  THE  DYNA- 
MICS OF  THE  SYSTEM  OF  RIGID  BODIES.  With 
numerous  Examples.  By  Edward  John  Routh,  M.A.,  late 
Fellow  and  Assistant  Tutor  of  St.  Peter's  CoU^e,  Cambridge; 
Examiner  in  the  University  of  London.  Second  Edition,  enlaigei 
Crown  8vo.  cloth,     i+r. 

In  this  edition  the  author  has  made  several  additions  to  each  chapter: 
he  has  tried^  even  at  the  risk  of  some  little  repetition^  to  make  each 
chapter^  as  far  as  possiBle,  complete  in  itself  so  that  all  that  retain 
to  any  one  part  of  the  subject  may  be  found  in  the  same  pLice.  This 
arrangement  will  enable  every  student  to  sdect  his  own  order  in 
which  to  read  the  subject.  The  Examples  which  will  be  found  at 
the  end  of  each  chapter  have  been  chiefly  selected  from  the  Examina- 
tion Papers  which  have  been  set  in  the  University  and  the  Cdle^ 
in  the  last  few  years. 

Smith's  (Barnard)  Works. — See  Educational  Cata- 
logue. 

Smith  (J.  Brook.)— ARITHMETIC  IN  THEORY  AND 
PRACTICE.  By  J.  Brook  Smith,  M.A.,  LL.B.,  St  John's 
College,  Cambridge ;  Barrister-at-Law  ;  one  of  the  Masters  of 
Cheltenham  College.     Crown  8vo.     4J.  (yd. 

Writers  on  Arithmetic  at  the  present  day  feel  the  necessity  of  explaining 
the  principles  on  which  the  rules  of  the  subject  are  based,  but  few  as 
yet  feel  the  necessity  of  making  these  explanations  strict  and  com J^ete; 
or ,  failing  that,  of  distinctly  pointing  out  their  defecttz'c  character. 
If  the  science  of  Arithmetic  is  to  be  made  an  effectrzfe  instrument  in 
developing  and  strengthening  the  mental  powers,  it  ought  to  be 
7vorked  out  rationally  and  conclusively ;  and  in  this  work  the 
author  has  endeavoured  to  reason  out  in  a  clear  and  accurate 
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manner  the  leading  propositions  of  the  science^  and  to  illustrate  and 
apply  those  propositions  in  practice.  In  the  practical  part  of  the 
subject  he  has  advanced  somewhat  beyond  the  majority  of  preceding 
writers;  particularly  in  Division^  in  GrecUest  Common  Measure^ 
in  Cube  Root^  in  the  chapters  on  Decimal  Money  and  the  Metric 
System^  and  more  especially  in  the  applicaHon  of  Decimals  to  Per^ 
centages  and  cognate  subj^ts.  Copious  examples^  original  and 
selected f  are  given, 

>nowball.— THE  ELEMENTS  OF  PLANE  AND  SPHERI- 
CAL TRIGONOMETRY  ;  with  the  Construction  and  Use  of 
Tables  of  Logarithms.  By  J.  C.  Snowball,  M.A.  Tenth 
Edition.     Crown  8vo.  cloth.     7/.  dd. 

In  preparing  the  present  edition  for  the  press^  the  text  has  been  sub' 
jected  to  a  careful  reznsion  ;  the  proofs  of  some  of  the  more  import- 
ant propositions  have  been  rendered  more  strict  and  general ;  and 
a  considerable  addition  of  more  than  two  hundred  examples^  taken 
principally  from  the  questions  set  of  late  years  in  the  public  exami- 
nations of  the  University  and  of  individual  Colleges^  has  been  made 
to  the  collection  of  Examples  and  Problems  for  practice, 

rait  and  Steele.— DYNAMICS  OF  A  particle.    With 

numerous  Examples.     By  Professor  Tait  and  Mr.  Steele.    New. 
Edition.     Crown  8vo.  cloth.     lOf.  6d, 

In  this  treatise  will  be  found  all  the  ordinary  proposUions^  connected 
with  the  Dynamics  of  Particles^  which  can  be  conveniently  deduced 
without  the  use  of  D'Alembert's  Principle,  Throughout  the  book 
ivill  be  found  a  number  of  illustrative  examples  introduced  in  the 
text  J  and  for  the  most  part  completely  worked  out ;  others  with  oeea* 
sional  solutions  or  hints  to  assist  the  student  are  appended  to  each 
chapter.  For  by  far  the  greater  portion  of  thescy  the  Cambridge 
Senate-House  and  College  Examination  Papers  have  been  applied  to, 

Taylor. — GEOMETRICAL  CONICS;  including  Anharmonic 
Ratio  and  Projection,  with  numerous  Examples.  By  C.  Taylor, 
B.A.,  Scholar  of  St.  John's  College,  Cambridge.  Crown  8vo. 
cloth.     7f.  (id. 

This  work  contains  elementary  proofs  of  the  principal  properties  of 
Conic  Sections^  together  with  chapters  on  Projection  and  Anharmonic 
Ratio, 
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Todhuntcr. — Works    by    I.   TODHUNTBR,    M.A.,    F.R.S.,  of 
St.  John's  College,  Cambridge : — 

^^Perspicuous  language^  vigorous  investiguHons,  scrutiny  ofdiffiaiiABt 
and  methodical  treatment^  characterize  Mr,  Tcdhuntet^s  worh."— 
Civil  Engineer. 

THE  ELEMENTS  OF  EUCLID;  MENSURATION  FOR 
BEGINNERS;  ALGEBRA  FOR  BEGINNERS;  TRIGO- 
NOMETRY FOR  BEGINNERS;  MECHANICS  FOR 
BEGINNERS. — See  Educational  Catalogue. 

ALGEBRA.  For  the  Use  of  Collies  and  Schools.  Fifth  Edition. 
Crown  8vo.  cloth.     7^.  6d. 

This  work  contains  all  the  propositions  which  are  usually  i$uludd  t* 
elementary  treatises  on  Algebra^  and  a  large  number  of  Eiounpla 
for  Exercise.     The  author  has  sought  to  render  the  work  easily  ««- 
tdligible  to  students ,  without  impairing  the  accuracy  of  the  demoU' 
strationSy  or  contracting  the  limits  of  the  subject.     The  Examfie^ 
about  Sixteen  hundred  and  fifty  in  number^  have  been  selected  witk 
a  view  to  illustrate  every  part  of  the  subject.     The  work  will  he 
found  peculiarly  adapted  to  the  wants  of  students  who  are  witM 
the  aid  of  a  teacher.     The  Answers  to  the  Examples^  with  hints 
for  the  solution  of  some  in  which  assistance  may  be  needed^  are 
given  at  the  end  of  the  book.     In  the  present  edition  two  Nea 
Chapters  and  Three  hundred  miscellaneous  Examples  have  been 
added,     **  //  has  merits  which  unquestionably  place  it  first  in  the 
class  to  which  it  belongs," — Educator. 

KEY  TO  ALGEBRA  FOR  THE  USE  OF  COLLEGES  AND 
SCHOOLS.     Crown  8vo.     loj.  6d, 

AN  ELEMENTARY  TREATISE  ON  THE  THEORY  OF 
EQUATIONS.  Second  Edition,  revised.  Crown  8va  doth. 
^s,  6d. 

This  treatise  contains  all  the  prepositions  which  are  usually  indudd 
in  elementary  treatises  on  the  theory  of  Equatums,  together  witk 
Examples  for  exercise.  These  have  been  selected  from  the  College 
and  University  Examination  Papers^  and  the  results  have  been 
given  when  it  appeared  necessary.  In  order  to  exhibit  a  comprt' 
hensive  view  of  the  subject^  the  treatise  includes  investigations  which 
are  not  found  in  all  the  preceding  elementary  treatises^  and  also 
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some  ifruestigaiions  which  are  not  to  be  found  in  any  of  them.  For 
the  second  edition  the  work  has  been  revised  and  some  additions 
have  been  madCf  the  most  important  being  an  account  of  the  Re- 
searches  of  Professor  Sylvester  respecting  Newtofis  Rule,  **A 
thoroughly  trustworthy^  complete^  and  yet  not  too  dcUnfrate  treatise.** 
— Philosophical  Magazine. 

PLANE  TRIGONOMETRY.    For  Schools  and  Colleges.     Fourth 
Edition.     Crown  8vo.  cloth.     $s. 

Tike  design  of  this  work  has  been  to  render  the  subject  intdligible 
to  beginners f  and  at  the  same  time  to  afford  the  student  the  oppor" 
tunity  of  obtaining  all  the  informatioji  which  he  will  require  on 
this  branch  of  Mathematics,  Each  chapter  is  followed  by  a  set 
of  Examples :  those  which  are  entitled  Miscellaneous  Examples, 
together  ivith  a  few  in  some  of  the  other  sets^  may  be  advantageously 
reserved  by  the  student  for  exercise  after  he  has  made  some  progress 
in  the  subject.  In  the  Second  Edition  the  hints  for  the  solution  of 
the  Examples  have  been  considerably  increased. 

A  TREATISE  ON  SPHERICAL  TRIGONOMETRY.  Third 
Edition,  enlarged.     Crown  8vo.  cloth.    41.  6d. 

The  present  work  is  constructed  on  the  same  plan  as  the  treatise  on 
Plane  Trigonometry^  to  which  it  is  intended  as  a  sequel.  In  the 
account  of  Napier's  Rules  of  circular  parts,  an  explanation  has 
been  given  of  a  method  of  proof  devised  by  Napier,  which  seems  to 
have  been  overlooked  by  most  modem  writers  on  the  subject,  Con^ 
siderable  labour  has  been  bestowed  on  the  text  in  order  to  render  it 
comprehensive  and  accurate,  and  the  Examples  (selected  chiefly 
from  College  Examination  Papers)  have  all  been  carefully  verifiaL 
*^For  educational  purposes  this  work  seems  to  be  superior  to  any 
others  on  the  subject J'^-^Mc 

PLANE  CO-ORDINATE  GEOMETRY,  asappUed  to  the  Straight 
Line  and  the  Conic  Sections.  With  numerous  Examples.  Fourth 
Edition,  revised  and  enlarged.     Crown  8yo.  cloth.     7^.  6d. 

The  author  has  here  endeavoured  to  exhibit  the  subject  in  a  simple 
manner  for  the  benefit  of  beginners,  and  at  the  same  time  to  include 
in  one  volume  all  that  students  usually  require.  In  addition, 
therefore,  to  the  propositions  which  have  always  appeared  in  such 
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treatises^  fu  has  introduced  the  methods  of  abridged  notatioa, . 
which  arc  of  mare  recent  origin:  these  methods^  which  are  eft 
less  elementary  character  than  the  rest  of  the  work,  are  plactd  k 
separate  chapters,  and  may  be  omitted  by  the  student  at  first, 

A  TREATISE  ON  THE  DIFFERENTIAL  CALCULUS. 
With  numerous  Examples.  Fifth  Edition.  Crown  8to.  doth. 
lor.  6d, 

The  author  has  endeavoured  in  the  present  work  to  exhibit  a  compre- 
hensive  view  of  the  Differential  Calculus  on  the  method  of  loots. 
In  the  more  elementary  portions  he  has  entered  into  coMsidtniU 
detail  in  the  explanations,  with  the  hope  that  a  reader  who  isvitkctt 
the  assistance  of  a  tutor  may  be  enabled  to  acquire  a  competent  ac- 
quaintance with  the  subject.     The  method  adopted  is  that  of  Dif- 
ferential  Coefficients.      To   the  different  chapters   are  appeM 
Examples  sufficiently  numerous  to  render  another  book  unnecessary; 
these  Examples  being  mostly  selected  from  College  ExaminatiM 
Papers.     This  and  the  following  work  have  been  translated  mtf 
Italian  by  Professor  Battaglini,  who  in  his  Preface  speaks  thus:— 
'*  In  publishing  this  translation  of  the  Differential  and  Int^rd 
Calculus  of  Mr.  Todhunter,  we  have  had  no  other  object  than  tfi 
add  to  the  books  which  are  in  the  hands  of  the  students  of  our  Uni- 
versities, a  work  remarkable  for  the  clearness  of  the  exposition,  the 
rigour  of  the  demonstrations,  the  just  proportion  in  the  parts,  and 
the  rich  store  of  examples  which  offer  a  large  field  for  useful 


exercise." 


A  TREATISE  ON  THE  INTEGRAL  CALCULUS  AND  ITS 
APPLICATIONS.  With  numerous  Examples.  Third  Edition, 
revised  and  enlarged.     Crown  8vo.  cloth,     los.  6d. 

This  is  designed  as  a  work  at  once  elementary  and  complete,  adapts 
for  thej4se  of  beginners,  and  sufficient  for  the  wants  of  adeaucd 
students.  In  the  selection  of  the  prepositions,  and  in  the  mode  (f 
establishing  them,  it  has  been  sought  to  exhihit  the  principles  dearfy^ 
and  to  illustrate  all  their  most  important  results.  The  process  ^ 
summation  has  been  repeatedly  brought  forward,  with  the  view 
of  securing  the  attention  of  the  student  to  the  notions  which  form  the 
true  foundation  of  the  Calculus  itself,  as  xvell  as  of  its  most 
valuable  applications.   Every  attempt  hcu  been  made  to  explain  those 
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difficulties  which  nsunlly  perplex  beginners^  especially  with  reference 
to  the  limits  of  integrations.  A  new  method  has  been  adopted  in 
regard  to  the  transformation  of  multiple  integrals.  The  last  chapter 
deals  with  the  Calculus  of  Variations.  A  large  collection  of  Exer- 
ciseSf  selected  from  College  Examination  Papers^  has  been  appended 
to  the  several  chapters. 

EXAMPLES  OF  ANALYTICAL  GEOMETRY  OF  THREE 
DIMENSIONS.     Second  Edition,  revised.    Crown  8vo.  cloth.    4J. 

A  TREATISE  ON  ANALYTICAL  STATICS.  With  numerous 
Examples.  Third  Edition,  revised  and  enlarged.  Crown  8vo. 
cloth.     I  Of.  6d. 

In  this  ivork  on  Statics  (treating  of  the  laws  of  the  equilibrium  of 
bodies)  will  be  found  all  the  propositions  which  usually  appear  in 
treatises  on  Theoretical  Statics.  To  the  different  chapters  Examples 
are  appended,  which  have  been  principally  selected  from  University 
Examination  Papers.  In  the  Third  Edition  mcn^y  additions  have 
been  made,  in  order  to  illustrate  the  application  of  the  principles  of 
the  subject  to  the  solution  of  problems, 

A  HISTORY  OF  THE  MATHEMATICAL  THEORY  OF 
PROBABILITY,  from  the  Time  of  Pascal  to  that  of  Laplace. 
8vo.     i&r. 

The  subject  of  this  work  has  high  claims  to  consideration  on  account 
of  the  subtle  problems  which  it  ittvotvest  the  valuable  contributions 
to  analysis  which  it  has  produced,  its  important  practical  appltca^ 
tionSf  and  the  eminence  of  those  who  have  cultivated  it;  nearly 
every  great  mathematician  within  the  range  of  a  century  and 
a  half  comes  under  consideration  in  the  course  of  the  history.  The 
author  has  endeavoured  to  be  quite  accurate  in  his  statements,  and 
to  reproduce  the  essential  elements  of  the  original  works  which  he 
has  analysed.  Besides  being  a  history^  the  work  may  claim  the  title 
of  a  comprehensive  treatise  on  the  Theory  of  Probability,  for  it 
assumes  in  the  reader  only  so  much  knowledge  eu  can  be  gained  from 
an  elementary  book  on  Algebra^  and  introduces  him  to  almost  every 
process  and  every  special  probUm  which  the  literature  of  the  subject 
can  furnish. 

RESEARCHES    IN   THE    CALCULUS   OF   VARIATIONS, 
Principally  on  the  Theory  of  Discontiiraoiu  Solutions :  An  Essay 
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to  which  the  Adams'  Prize  was  awarded  in  the  University  of 
Cambridge  in  187 1.     8vo.     6s. 

The  subject  of  this  Essay  was  prescribed  in  the  following  terms  by  the 
Examiners : — **^  determination  of  the  circumstances  under  •akkk 
discontinuity  of  any  kind  presents  itself  in  the  solution  of  a  problem 
of  maximum  or  minimum  in  the  Calculus  of  VariatumSt  and 
applications  to  particular  instances.  It  is  expected  that  the  dtscus- 
sion  of  the  instances  should  be  exemplified  as  far  as  possiMegm- 
metrically  t  and  that  attention  be  especially  directed  to  cases  of  real  or 
supposed  failure  of  the  Calculus. ^^  While  the  Essay  is  thus  wundy 
devoted  to  the  consideration  of  discontinuous  solutions,  various 
other  questions  in  the  Calculus  of  Variations  are  examined  and 
ducidated;  and  the  author  hopes  he  has  definitely  contributed  to  the 
extension  and  improvement  of  our  knowledge  of  this  refined  depart- 
ment of  analysis. 

Wilson  (W.  P.)— A  TREATISE  ON  DYNAMICS.  By 
W.  P.  Wilson,  M.A.,  Fellow  of  St.  John's  College,  Cambridge, 
and  Professor  of  Mathematics  in  Queen's  Collie,  Belfast  8?a 
9J.  6d, 

Wolstenholme. — a    BOOK    OF    mathematical 

PROBLEMS,  on  Subjects  included  in  the  Cambridge  Course. 
By  Joseph  Wolstenholme,  Fellow  of  Christ's  College,  some 
time  Fellow  of  St.  John's  College,  and  lately  Lecturer  in  Mathe- 
matics at  Christ's  College.     Crown  8vo.  cloth.     81.  6d. 

Contents  ; — Geometry  (Euclid) — Algebra — Plane  Trigonometry^ 
Geometrical  Conic  Sections — Analytical  Conic  Sections —  Theory  of 
Equations — Differential  Calculus — Integral  Calculus — Solid  Geo- 
metry— Statics — Elementary  Dynamics — Newton — Dynamics  of  a 
Point — Dynamics  of  a  Rigid  Body — Hydrostatics — Geometrical 
Optics — Spherical  Trigonometry  and  Plane  Astronomy.  In  some 
cases  the  author  has  prefixed  to  certain  classes  of  problems  frag- 
mentary notes  on  the  mathematical  subjects  to  which  they  relate. 
^*  Judicious,  symmetrical,  and  well  arranged.^* — Guardian. 
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Airy  (G.  B.)— POPULAR  ASTRONOMY.  With  lUustnitions. 
By  G.  B.  Airy,  Astronomer  Royal.  Seventh  and  cheaper  Edition. 
i8mo.  cloth.     4J.  dd. 

This  work  consists  of  Six  Lectures^  which  are  intended  ^^  to  explain 
to  intciiigent  pcrsotis  the  principles  on  which  the  instruments  of  an 
Observatory  are  constructed  (omitting  all  details^  so  far  cu  they  are- 
merely  subsidiary )f  and  the  principles  on  which  the  observations 
made  with  these  instruments  are  treated  for  deduction  of  the  distances 
and  weights  of  the  bodies  of  the  Solar  System,  and  of  a  few  stars, 
omitting  all  minutia  of  formula,  and  all  troublesome  details  of 
calculation,''^  The  speciality  of  this  volume  is  the  direct  reference  of 
every  step  to  tlie  Observatory,  and  the  full  descriptum  of  the  methods 
and  instruments  of  observation. 

Bastian   (H.   C.    M.D.,    F.R.S.) — ^the  MODES  OF 

ORIGIN  OF  LOWEST  ORGANISMS  :  Including  a  Discussion 
of  the  Experiments  of  M.  Pasteur,  and  a  reply  to  some  Statements 
by  Professors  Huxley  and  Tyndall.  By  H.  CHARLTON  Bastian, 
M.D.,  F.R.S.,  Professor  of  Pathological  Anatomy  in  University 
College,  London,  etc.     Crown  8vo.    41.  td. 

Thepresefit  volume  contains  a  fragment  of  the  evidence  which  will  be 
embodied  in  a  much  larger  work — now  almost  completed — relating  to 
the  nature  and  origin  of  living  matter,  and  in  favour  of  what  is 
termed  the  Physical  Doctrine  of  Life,  ^*  It  is  a  work  worthy  of  the 
highest  respect,  and  places  its  author  in  the  very  first  cleus  of  scientific 
physicians.  .  .  .  It  7vould  be  diffiailt  to  name  an  instance  in  which 
skill,  knowledge,  persaterance,  and  great  reasoning  power  have  been 
more  happily  applied  to  the  investigation  of  a  complex  biological 
problem" — British  Medical  Journal. 
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Birks  (R.  B.)— ON  MATTER  AND  ETHER  ;  or,  The  Secret 
Laws  of  Physical  Change.  By  Thomas  Rawson  Birks,  M.A., 
Rector  of  Kelshall,  Herts,  fonnerly  Fellow  of  Trinity  College, 
Cambridge.     Crown  8vo.    Jj.  6^. 

The  author  bdieves  that  the  hypothesis  of  the  existence  of,  besides  wtftffl', 
a  luminous  ether y  of  immense  elastic  force^  supplies  the  true  and  suf- 
ficient key  to  the  remaining  secrets  of  inorganic  matter^  of  the  f^ 
nomena  of  lights  electricity y  etc.  In  this  treatise  the  author  endea- 
vours first  to  form  a  clear  and  definite  conception  with  regard  to  the 
real  nature  both  of  matter  and  ether,  and  the  laws  of  mutual  adien 
which  must  be  supposed  to  exist  betTveen  them.  He  then  endeaveim 
to  trace  out  the  main  consequences  of  the  fundamental  hypcthais^ 
and  their  correspondence  with  the  known  phenomena  of  phyncol 
change, 

Blanford     fW.     T.>— GEOLOGY    AND    ZOOLOGY    OF 
ABYSSINIA.     By  W.  T.  Blanford.    8vo.    21s. 

This  work  contains  an  account  of  the  Geological  and  Zoological  Oher- 
vations  made  by  the  author  in  Abyssinia,  when  accompanying^  the 
British  Army  on  its  march  to  Magdala  and  back  in  1 868,  and 
during  a  short  Journey  in  Northern  Abyssinia,  after  the  departure 
of  the  troops.  Part  I.  Personal  Narrative;  Part  II.  Gedogy; 
Part  III.  Zoology.  IVith  Coloured  Illustrations  and  Geological 
Map.  *^The  result  of  his  labours,^^  the  Academy  Azyj,  "wffn 
important  contribution  to  the  natural  history  of  the  country,^'* 

Cooke  (Josiah  P.,  Jun.)— FIRST  PRINCIPLES  OF 
CHEMICAL  PHILOSOPHY.  By  Josiah  P.  Cookk,  Jun., 
Ervine  Professor  of  Chemistry  and  Mineralogy  in  Harvard  College. 
Crown  8vo.     izr. 

The  object  of  the  author  in  this  book  is  to  present  the  philosophy  of 
Chemistry  in  such  a  form  that  it  can  be  made  with  profit  the  subject 
of  College  recitations,  and  furnish  the  teacher  with  the  means  of 
testing  the  student^ s  faithfulness  and  ability.  With  this  view  the 
subject  has  been  developed  in  a  logical  order,  and  tlie  principles  of 
the  science  are  taught  ineUpendently  of  the  experimental  evidence  on 
which  they  rat. 
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Cooke  (M.  C.)— HANDBOOK  OF  BRITISH  FUNGI, 
with  full  descriptions  of  all  the  Species,  and  Illustrations  of  the 
Gencnu     By  M.  C.  Cooke,  M.A.     Two  vols,  crown  8vo.    24s. 

During  the  thirty-five  years  thai  have  elapsed  since  the  appearance  of 
the  last  complete  Mycologic  Flora  fio  attempt  has  been  made  to  revise 
it^  to  incorporate  species  since  discovered,  and  to  bring  it  up  to  the 
standard  of  modem  science.  No  apology^  therefore,  is  necessary  for 
the  present  effort,  since  all  will  admit  that  the  want  of  such  a 
manual  has  long  been  felt,  and  this  work  makes  its  appearance 
under  the  advantage  that  it  seeks  to  occupy  a  place  which  has  long 
been  vacant.  No  effort  has  been  spared  to  make  the  work  worthy 
of  confidence,  and,  by  the  publication  of  an  occasional  supplement, 
it  is  hoped  to  maintain  it  for  many  years  as  the  "  Handbook** 
for  every  student  of  British  FungL  Appended  is  a  complete  alpha- 
betical Index  of  all  the  divisions  and  subdivisions  of  the  Fungi 
noticed  in  the  text.  The  book  contains  ^00  figures.  "  IVm  main- 
tain its  place  as  the  standard  English  book,  on  the  subject  of  which 
it  treats,  for  many  years  to  come," — Standard. 

Dawson  (J.  W.)— ACADIAN  geology.  The  Geologic 
Structure,  Organic  Remains,  and  Mineral  Resources  of  Nova 
Scotia,  New  Brunswick,  and  Prince  Edward  Island.  By  John 
William  Dawson,  M.A.»  LL.D.,  F.R.S.,  F.G.S.,  Principal  and 
Vice-Chancellor  of  M'Gill  College  and  University,  Montreal,  &c. 
Second  Edition,  revised  and  enlarged.  With  a  Geological  Map 
and  numerous  Illustrations.     8vou     I&; 

77te  object  of  the  first  edition  of  this  work  was  to  place  within  the 
reach  of  the  people  of  the  districts  to  which  it  relates,  a  popular 
account  of  the  more  recent  discoveries  in  the  geology  and  mineral 
resources  of  their  country,  and  at  the  same  time  to  give  to  geologists 
in  other  countries  a  connected  view  of  the  structure  of  a  very  in- 
teresting portion  of  the  American  Continent,  m  its  relation  to 
general  and  theoretical  Geology.  In  the  present  edition,  it  is  hoped  this 
design  is  still  more  completely  fulfilled,  with  reference  to  the  present 
more  advanced  condition  of  knowledge.  The  author  has  endea- 
voured to  convey  a  knowledge  of  the  structure  and  fossils  of  the 
region  in  such  a  manner  as  to  be  intelligible  to  ordinary  readers, 
and  has  devoted  much  attention  to  all  questions  relating  to  the  nature 
and  present  or  prospective  value  of  deposits  of  useful  minerals. 
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Besides  a  large  coloured  Geohgical  Map  of  the  district,  the  work 
is  illustrated  by  upwards  of  260  cuts  of  sections,  fossils,  ammah, 
etc.  **  The  book  ivUl  doubtless  find  a  place  in  the  library,  not  only 
of  the  scientific  geologist,  but  also  of  all  who  are  desirous  of  tkevt- 
dustricd  progress  and  commercial  prosperity  of  the  Acadian  pr(h 
vinces. " — Mining  Journal.  **A  style  at  once  popular  and  scientific. 
.  .  .  A  valuable  addition  to  our  store  of  geological  knawle^P— 
Guardian. 

Flower  fW.  H.)— an  introduction  to  the  oste- 

OLOGY  OF  THE  MAMMALIA.  Being  the  substance  of  the 
Course  of  Lectures  delivered  at  the  Royal  College  of  Suigeons 
of  England  in  1870.  By  W.  H.  Flower,  F.R.S.,  F.R.CS., 
Hunterian  Professor  of  Comparative  Anatomy  and  Physiology. 
With  numerous  Illustrations.    Globe  8vo.     is.  6d. 

Although  the  present  work  contains  the  substance  of  a  Course  of  Lectures, 
the  form  has  been  cJianged,  so  as  the  better  to  adapt  it  as  a  hand- 
book for  students.  Theoretical  viervs  hctve  been  almost  entirdy  ex- 
cluded: and  while  it  is  impossible  in  a  scientific  treatise  to  avoid  the 
etnployment  of  techniceU  terms,  it  has  been  the  author  s  endeervomr  to 
use  no  more  than  absolutely  necessary,  and  to  exercise  due  care  in 
sdccting  only  those  that  seem  most  appropriate,  or  which  hen^e  re- 
ceived the  sanction  of  general  aeloption.  With  a  very  few  excep- 
tions the  illustrations  have  been  drawn  expressly  for  this  work  from 
specimens  in  the  Museum  of  the  Royal  College  of  Surgeons. 

Galton. — Works  by  Francis  Galton,  F.R.S.  : — 

METEOROGRAPHICA,  or  Methods  of  Mapping  the  Weather. 
Illustrated  by  upwards  of  600  Printed  Lithographic  Diagrams. 
4to.     9x. 

As  Mr.  Galton  entertains  strong  views  on  tJie  ftecessity  of  Meteordo- 
gieal  Charts  and  Maps,  he  determined,  as  a  practiced  proof  of  what 
could  be  done,  to  chart  the  entire  area  of  Europe,  so  far  as  meteorological 
stations  extend,  during  one  month,  viz.  the  month  of  December,  1 861. 
Mr.  Galton  got  his  data  from  authorities  in  eT/ery  part  of  Britain 
and  the  Continent,  and  on  the  basis  of  these  has  lure  drawn  up 
nearly  a  hundred  different  Maps  and  Charts,  shaunng  the  state  of 
the  weather  edl  over  Europe  during  tJie  aboi»e  period.  "If  the 
various  Governments  and  scientific  bodies  would  perform  for  the 
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whole  world  far  two  or  three  years  what,  at  a  great  cost  and  labour ^ 
Mr.  Galton  has  done  for  a  part  of  Europe  for  one  months  Meteoro- 
logy  would  soon  cease  to  be  made  a  joke  of.** — Spectator. 

HEREDITARY   GENIUS :  An  Inquiry  into  its  Laws  and  Con- 
sequences.    Demy  8vo.     12s. 

^*  I  propose^*  the  author  says^  **  to  show  in  this  book  that  a  man*s 
natural  abilities  are  derived  by  inheritance,  under  exactly  the  sante 
limitations  as  are  the  form  and  physical  features  of  the  whole  organic 
world,  I  shall  show  that  social  agencies  of  an  ordinary  character^ 
whose  influences  are  little  suspected,  are  at  this  moment  working 
towards  the  degradation  of  human  nature,  and  thai  others  are 
working  towards  its  improvement.  The  general  plan  of  my  argu* 
ment  is  to  show  that  high  reputation  is  a  pretty  accurate  test  of  high 
ability  ;  next,  to  discuss  the  relationships  of  a  large  body  of  fairly 
eminent  men,  and  to  obtain  from  these  a  general  survey  of  the  laws 
of  heredity  in  respect  of  genius.  Then  will  follow  a  short  chapter ^ 
by  loay  of  comparison,  on  the  hereditary  transmission  of  physical 
gifts,  as  deduced  from  the  relationships  of  certain  classes  of  oarsmen 
and  wrestlers.  Lastly,  1  shall  collate  my  results  and  draw  conclU" 
sions."  The  Times  calls  it  **a  most  able  and  most  interesting 
book;"  and  Mr.  Darwin,  in  his  ** Descent  of  Af an**  (vol.  \.p.  iii^, 
says,  **  IVe  know,  through  the  admirable  labours  of  Mr,  Galton, 
that  Genius  tends  to  be  inherited.** 

Geikie(A.)— SCENERY  of  Scotland,  viewed  in  Connec 
tion  with  its  Physical  Geography.  With  lUnstrations  and  a  new 
Geological  Map.  By  Archibald  Geikie,  Professor  of  Geol(^ 
in  the  University  of  Edinburgh.     Crown  8vo.     los.  dd. 

••  We  can  confidently  recommend  Mr.  Geiki^s  work  to  those  who  wish 
to  look  below  the  surface  and  read  the  physical  history  of  the  Scenery 
of  Scotland  by  the  light  of  modem  science** — Saturday  Review. 
**  Amusing,  picturesque,  and  instructive.** — Times. 

Hooker  (Dr.)— the  STUDENT'S  FLORA  OF  THE 
BRITISH  ISLANDS.  By  J.  D.  Hooker,  C.B.,  F.R.S., 
M.D.,  D.C.L.,  Director  of  the  Royal  Gardens,  Kew.  Globe  8vo. 
los.  td. 
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The  object  of  this  work  is  to  supply  stiuUnts  and  fidd-botanists  with  a 
fuller  account  of  the  Plants  of  the  British  Islands  than  the  mattuals 
hitherto  in  use  aim  at  giving.  The  Ordincd^  Generic^  and  Specific 
characters  have  been  re-written^  and  are  to  a  great  extent  origind^ 
and  drawn  from  living  or  dried  specimens y  or  both.  *  *  Cannot  fail  tfi 
perfectly  fulfil  the  purpose  for  which  it  is  intended,^'' — Land  and 
Water.  *  *  Containing  the  fullest  and  most  accurate  manual  of  the 
kind  that  has  yet  appeared" — Pall  Mall  Gazette. 

Huxley  (Professor).— lay   SERMONS,    ADDRESSES, 

AND  REVIEWS.     By  T.  H.   Huxley,  LL.D.,  F.RS.    New 
and  Cheaper  Eldition.     Crown  8vo.     ^s,  6d, 

Fourteen  Discourses  on  the  following  subjects: — (i)  On  the  AdvisaiU- 
ness    of  Improving   Natural   Knowledge: — (2)  Emancipatum-- 
Black  and  PVhite: — (3)  A  Liberal  Education,  and  where  to  fini 
it: — (4)  Scientific  Education: — (5)  On  the  Educational  Value  of 
the  Natural  History  Scicftces: — (6)  On  the  Study  of  Zoology:— 
(7)  On  the  Physical  Basis  ofLife:—{%)   The  Scientific  Aspects  of 
Positivism  :—{Qi)  On  a  Piece  of  Chalk: — (10)  Geological  Contem- 
poraneity and  Persistent  Types  of  Life : — ( 11)  Geological  Reform  :— 
(12)   The  Origin  of  Species :—{i'^)  Criticisms  on  the  **  Origin  of 
Species:" — (14)  On  Descartes^  **  Discourse  touching  the  Method  of 
using  Onis  Reason  rightly  and  of  seeking  Scientific  Truths     The 
momentous  influence  exercised  by  Mr.  Huxley s  writings  on  physical, 
mental,  and  social  science  is  universally  acknowledged :  his  works 
must  be  studied  by  all  who  would  comprehend  the  various  drifts  of 
modern  thought. 

ESSAYS  SELECTED  FROM  LAY  SERMONS,  ADDRESSES, 
AND  REVIEWS.     Crown  8vo.     is. 

This  volume  includes  Numbers  I,  3,  4,  7,  8,  and  14,  of  the  above. 

LESSONS  IN  ELEMENTARY  PHYSIOLOGY.  With  numcroos 
Illustrations.     Fourteenth  Thousand.     i8mo.  cloth.     4^.  6</. 

This  book  describes  and  explains,  in  a  series  of  graduated  lessons,  the 
principles  of  Human  Physiology,  or  the  Structure  and  Functions 
of  the  Human  Body.  The  first  lesson  supplies  a  gerteral  view  oj 
the  subject.  This  is  followed  by  sections  on  the  Vascular  or  Venous 
System,  and  the  Circulation  ;  the  Blood  and  the  Lymph  ;  Respira- 
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turn  :  Sources  of  Loss  and  of  Gain  to  the  Blood ;  the  Function  of 
Alimentation ;  Motion  and  Locomotion;  Sensations  and  Sensory 
Organs  ;  the  Organ  of  Sight ;  the  Coalescence  of  Sensations  with 
one  another  and  with  other  States  of  Consciousness  ;  the  Nervous 
System  and  Innervation;  Histology^  or  the  Minute  Structure  of 
the  Tissues.  A  Table  of  Anatomical  and  Physiological  Constants 
is  appended.  The  lessons  are  fully  illustrated  by  numerous  en 
gravings.  *^  Pure  gold  throughout** — Guardian.  **  Unquestion" 
ably  the  clearest  and  most  complete  elementary  treatise  on  this  subject 
that  we  possess  in  any  language.** — Westminster  Review. 

KirchhofF  (G.)— researches  on  the  solar  spec- 
trum, and  the  Spectra  of  the  Chemical  Elements.  By.  G. 
KiRCHHOFF,  Professor  of  Physics  in  the  University  of  Heidelberg. 
Second  Part.  Translated,  with  the  Author's  Sanction,  from  the 
Transactions  of  the  Berlin  Academy  for  1862,  by  Henry  R. 
Roscoe,  B.A.,  Ph.D.,  F.R.S.,  Professor  of  Chemistry  in  Owens 
College,  Manchester. 

**  It  is  to  Kirchhoffwe  are  indited  for  by  far  the  best  and  most  <ucurat% 
observations  of  these  phenomena,** — >£din.  Review.  **  This  memoir 
seems  almost  indispensable  to  every  Spectrum  observer** — Philo- 
sophical Magazine. 

LrOckyer  (J.  N.)— ELEMENTARY  LESSONS  IN  AS- 
TRONOMY.  With  numerous  Illustrations.  By  J.  Norman 
LocKYER,  F.R.S.     Eighth  Thousand.     i8mo.     y.  W. 

The  author  has  here  aimed  to  give  a  connected  view  of  the  whole  subject^ 
and  to  supply  facts^  and  ideas  founded  on  thefactSy  to  serve  as  a  basis 
for  subsequent  study  and  discussion.  The  chapters  treat  of  the 
Stars  and  Nebula: ;  the  Sun;  the  Solar  System  ;  Apparent  Move- 
ments of  the  Heavenly  Bodies  ;  the  Measurement  of  Time;  Light; 
the  Telescope  and  Spectroscope;  Apparent  Places  of  the  Heavenly 
Bodies;  the  Real  Distances  and  Dimensions  ;  C/niuersal  Gravitation, 
The  most  recent  Astronomical  Discoveries  are  incorporated.  Mr, 
Lockyer's  work  supplements  that  of  the  Astronomer  Royal,  **  The 
book  is  fully  clear^  sounds  and  worthy  of  attention^  not  only  as  a 
popular  exposition,  but  as  a  scientific  ^ Index* — Athenaeum. 
**  The  most  fascinating  of  elementary  books  on  the  Sciences,** — 
Nonconformist 
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Macmillan  (Rev.   Hugh). — For  other  Works  by  the  same 
Author,  see  Theological  Catalogue. 

HOLIDAYS  ON  HIGH  LANDS  ;  or,  RamUes  and  Incidents  in 
search  of  Alpine  Plants.    Crown  8va  doth.    6f. 

77u  aim  of  this  hook  is  to  impart  a  geturai  idea  of  the  origin^  cia- 
racter,  and  distributum,  of  those  rare  and  beautiful  Alpine  plants 
which  occur  on  the  British  hills,  and  which  are  found  almost  every- 
where on  the  lofty  mountain  chains  of  Europe,  Asia,  Africa,  and 
America.     In  the  first  three  chapters  the  peculiar  vegetation  of  the 
Highland  mountains  is  fully  described ;  while  in  the  remaining 
chapters  this  vegetation  is  traced  to  its  northern  cradle  in  the  meW' 
tains  of  Nmway,  and  to  its  southern  European  termination  in  tke 
Alps  of  Switzerland.     The  information  the  author  hcu  to  give  is 
conveyed  in  a  setting  of  personal  adventure.     **  One  of  tke  mast 
charming  boohs  op  its  kind  ever  written.*^ — Literary  Chorchman. 
^^  Mr.  Mh  glinving pictures  of  Scandinavian  scenery. ^^ — Saturday 
Review. 

FOOT-NOTES    FROM    THE    PAGE    OF    NATURE.      With 
numerous  Illustrations.     Fcap.  8vo.    5^. 

**  Those  who  have  derived  pleasure  and  profit  from  the  study  offUnoers 
and  ferns — subjects,  it  is  pleasing  to  find,  new  everywhere  pop^dar 
— by  descending  lower  into  the  arcana  of  the  vegetable  kingdom, 
tuillfnd  a  still  more  interesting  and  delightful  field  of  research  in 
the  objects  brought  under  revieiv  in  the  following  pages. ^^ — Preface 
"  The  naturalist  and  tfu  botanist  will  delight  in  this  volume,  and 
those  who  understand  little  of  the  scientific  parts  of  the  work  teill 
linger  aver  the  mysterious  page  of  nature  here  unfolded  to  their 
view." — John  Bull 

Mansfield  (C.  B.)— a  THEORY  OF  SALTS.  A  Treatise 
on  the  Constitution  of  Bipolar  (two-membered)  Chemical  Com- 
pounds. By  the  late  Charles  Blackford  Mansfield.  Crown 
8vo.     141. 

**  Mansfield,"  says  the  editor,  ^^lurote  this  book  to  defend  the  prin" 
ciple  that  the  fact  of  voltaic  decomposition  afforded  the  true  indi' 
cation,  if  properly  interpreted,  of  the  nature  of  the  saline  structure, 
and  of  the  atomicity  of  the  elements  that  built  it  up.  No  chemist 
will  peruse  this  book  without  feding  that  he  it  in  the  presence  of  an 
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original  think^^  whose  pages  are  continually  suggesiixfe^  even 
though  their  general  argument  may  not  be  entirdy  concurrmt  in 
direction  with  that  of  modem  chemical  thought^ 

ilivart  (St.  George).— on  the  genesis  of  species. 

By  St.  George  Mivart,  F.R.S.  Crown  8vo.  Second  Edition, 
to  which  notes  have  been  added  in  reference  and  reply  to  Darwin's 
**  Descent  of  Man."     With  numerous  Illustrations,     pp.  xv.  296. 

The  aim  of  the  author  is  to  support  the  doctrine  that  the  various 
species  have  been  evolved  by  ordinary  natural  laws  (for  the  most 
part  unknown)  controlled  by  the  subordinate  action  of  ^^  natural 
selection^^^  and  at  the  same  tinu  to  remind  some  that  there  is  and 
can  be  absolutely  nothing  in  physical  science  which  forbids  them  tc 
regard  those  natural  laws  as  acting  with  the  Divine  concurrence^ 
and  in  obedience  to  a  creative  fat  originally  imposed  on  the  primeval 
cosmos,  **  in  the  beginning,"  by  its  Creator,  its  Upholder,  and  its 
Lord.  Nearly  fifty  woodcuts  illustrate  the  Utter-press,  and  a  com" 
plcte  indtx  makes  all  references  extremely  easy.  Canon  Kingsley, 
in  his  address  to  the  ^^ Devonshire  A ssocitUion,^  says,  **Let  mere* 
commend  earnestly  to  you,  as  a  specimen  of  what  can  be  said  on  the 
other  ^ide,  the  *  Genesis  of  Species,*  by  Mr,  St.  George  Mioart, 
F.R.S.,  a  book  which  I  am  happy  to  say  has  been  received  elsewhere 
as  it  has  deserved,  and,  I  trust,  will  be  received  so  among  you.*^ 
^*  In  no  work  in  the  English  language  has  this  great  controversy 
been  treated  at  once  with  the  same  broad  and  vigorous  grasp 
of  facts,  and  the  same  liberal  and  candid  temper," — Saturday 
Review. 

Mature.— A    weekly    illustrated  journal  of 

SCIENCE.  Published  every  Thursday.  Price  Ad.  Monthly 
Parts,  IS.  4i/.  and  is.  Sd. ;  Half-yearly  Volumes,  los.  6d.  Cases  for 
binding  vols,  is,  6d. 

*•  Backed  by  many  of  the  best  nanus  among  English  philosophers,  and 
by  a  feiv  equally  valuable  supporters  in  America  and  on  the  Conti" 
nent  of  Europe." — Saturday  Review.  "  This  able  and  wdl-ediUd 
Journal,  which  posts  up  the  science  of  the  day  promptly,  and 
promises  to  be  of  signal  service  to  students  and  savants." — British 
Quarterly  Review. 
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Oliver— Works  by  Daniel  Oliver,  F.R.S.,  F.L.S.,  Professor  of 
Botany  in  University  College,  London,  and  Keeper  of  the  Herba- 
rium and  Library  of  the  Royal  Gardens,  Kew  : — 

LESSONS   IN   ELEMENTARY   BOTANY.     With  nearly  Two 
Hundred  Illustrations.     Twelfth  Thousand.     iSmo  cloth.    41.  bd. 

This  book  is  designed  to  teach  the  elentents  of  Botatty  on  Professor 
Henslow  s  plan  of  selected  Ty/es  and  by  the  use  of  Sc/iedtdts.  The 
earlier  chapters^  embracing  the  elements  of  Structural  and  Physic 
logical  Botany,  introduce  us  to  the  methodical  study  of  the  Ordinal 
Types,  The  concluding  chapters  are  entitled,  **  How  to  Dry 
Plants  "  and  "  How  to  Describe  Plants. "  A  valuable  Glossary  is 
appended  to  the  volume.  In  the  preparation  of  this  work  free  use 
has  been  made  of  the  manuscript  materials  of  the  late  Prpfesser 
Henslow. 

FIRST    BOOK    OF    INDIAN    BOTANY.      With    numerous 
Illustrations.     Extra  fcap.  8vo.    (^.  6d. 

This  manual  is,  in  substance,  the  author^ s  **  Lessons  in  Elementary 
Botany,"  adapted  for  use  in  India.  In  preparing  it  he  has  had  in 
viav  the  want,  often  felt,  of  some  handy  resume  of  Indian  Botany, 
which  might  be  serviceable  not  only  to  residents  of  India,  but  also  to 
any  one  about  to  proceed  thither,  desirous  of  getting  some  prC' 
liminary  id&i  of  the  botany  of  the  country.  It  contains  a  wdl^ 
digested  summary  of  all  essential  knowledge  pertaining  to  Indian 
Botany,  v/rought  out  in  accordance  with  the  best  principles  of 
scientific  arrangement." — Allen's  Indian  Mail. 

Penrose  (F.  C.)— ON  A  METHOD  OF  predicting  by 

GRAPHICAL  CONSTRUCTION,  OCCULTATIONS  OF 
STARS  BY  THE  MOON,  AND  SOLAR  ECLIPSES  FOR 
ANY  GIVEN  PLACE.  Together  with  more  rigorous  methods 
for  the  Accurate  Calculation  of  Longitude.  By  F.  C.  Penrose, 
F.R.A.S.     With  Charts,  Tables,  etc.     4to.     12s. 

The  author  believes  that  if ,  by  a  graphic  method,  the  prediction  of 
occultations  can  be  reruleted  more  inviting,  as  well  as  more  expedi- 
tious, than  by  the  method  of  calculation,  it  may  prove  acceptable  to 
the  nautical  professioti  as  well  as  to  scientific  travellers  or  amateurs. 
The  author  has  endeavoured  to  make  the  whole  process  as  intdH" 
gible  as  possible,  so  that  the  beginner,  instead  of  merely  haznng  to 
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foUoTv  directions  imperfectly  understood^  may  readily  comprdtend 
the  meaning  of  each  step,  and  be  able  to  illustrate  th€  practice  by  the 
theory.  Besides  all  necessary  charts  and  tables^  the  work  contains 
a  large  number  of  skeleton  forms  for  working  out  cases  in 
practice. 

RoSCOe. — Works  by  Henry  E.   Roscoe,  F.R,S.,    Professor  of 
Chemistry  in  Owens  College,  Manchester  : — 

LESSONS  IN  ELEMENTARY  CHEMISTRY,  INORGANIC 
AND  ORGANIC.  "With  numerous  Illustrations  and  Chromo- 
litho  of  the  Solar  Spectrum,  and  of  the  Alkalies  and  Alkaline 
Earths.  New  Edition.  Thirty-first  Thousand.  iSmo.  cloth. 
4J.  (id. 

It  has  been  the  endeaiKmr  of  the  author  to  arrange  the  most  important 
facts  and  principles  of  Modern  Chemistry  in  a  plain  but  concist 
and  scientific  form,  suited  to  the  present  requirements  of  elementary 
instruction.  For  the  purpose  of  facilitoHng  the  attainment  of 
exactitude  in  the  knowledge  of  the  subject,  a  series  of  exercises  and 
questions  upon  the  lessons  have  been  added.  The  metric  system  of 
weights  and  measures,  and  the  centigrade  thermometric  scale,  are 
used  throughout  this  work.  The  new  edition,  besides  new  wood' 
cuts,  contains  many  additions  and  improvements,  and  includes  the 
most  important  of  the  latest  discoveries.  **  IVe  unhesitatingly  pro- 
nounce it  the  best  of  all  our  elementary  treatises  on  Chemistry.** — 
Medical  Times. 

SPECTRUM  ANALYSIS.  Six  Lectures,  with  Appendices,  En- 
gravings, Maps,  and  Chromolithographs.     Royal  8vo.     21s, 

A  Second  Edition  of  these  popular  Lectures,  containing  all  the  most 
recent  discoveries  and  several  additional  illustrations,  **  In  six 
lectures  he  has  given  the  history  of  the  discovery  and  set  forth  the 
facts  relating  to  the  analysis  of  H^t  in  such  a  way  that  any  reader 
of  ordinary  intelligence  and  information  will  be  able  to  understand 
whcU  *  Spectrum  Analysis*  is,  and  what  are  its  claims  to  rank 
among  the  most  signal  triumphs  of  science.** — Nonconformist. 
**The  lectures  themselves  furnish  a  most  admirable  elementary 
treatise  on  the  subject,  whilst  by  the  insertion  in  appendices  to  ecuh 
lecture  of  extracts  from  the  most  important  published  memoirs,  the 
author  has  rendered  it  equally  valuable  as  a  text'book  for  advanced 
students.** — Westminster  Reriew. 
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Stewart  (B.)— lessons  in  elementary  physics. 

By  Balfour  Stewart,  F.R.S.,  Professor  of  Natural  Philosophy 
in  Owens  College,  Manchester.  With  numerous  Illustrations  and 
Chromolithos  of  the  Spectra  of  the  Sun,  Stars,  and  Nebulae.  Second 
Eldition.     i8mo.     41.  6^. 

A  description^  in  an  elementary  manner^  of  the  most  important  oj 
those  laws  which  regulate  the  phenomena  of  nature.  The  active 
agentSy  heat  *  lights  electricity^  etc.,  are  regarded  as  varieties  of 
energy,  and  the  work  is  so  arranged  that  their  relation  to  one 
another,  looked  at  in  this  light,  and  the  paramount  importance  of 
the  laws  of  energy,  are  clearly  brought  out.  The  volume  contaim 
all  the  necessary  illustrations.  The  Educational  Times  calis  this 
**the  beau-ideal  of  a  scientific  text-book,  clear,  accurate,  and 
thorough.^* 

Thudichum    and    Dupr6. — a   treatise    on   the 

ORIGIN,  NATURE,  AND  VARIETIES  OF  WINE, 
Being  a  Complete  Manual  of  Viticultiure  and  Qinology.  By.  J.  L. 
W.  Thudichum,  M.D.,  and  August  Dupr6,  Ph.D.,  Lecturer 
on  Chemistry  at  Westminster  Hospital.  Medium  8vo.  doth 
gilt     25J. 

In  this  elaborate  work  the  subject  of  the  manufacture  of  wine  is 
treated  scientifically  in  minute  detail,  from  every  point  of  view.    A 
chapter  is  devoted  to  the  Origin  and  Physiology  of  Vines,  two  to  the 
Principles  of  Viticulture;  while  other  chapters  treat  of  Vintage  and 
Vtnification,  the  Chemistry  of  Alcohol,  the  Acids,  Ether,  Sugars, 
and  other  matters  occurring  in  wine.      This  introductory  matter 
occupies  the  first  nine  chapters,  the  remaining  seventeen  chapters 
being  occupied  with  a  detailed  account  of  the  Viticulture  -and  the 
Wines  of  the  various  countries  of  Europe,  of  the  Atlantic  Islands, 
of  Asia,  of  Africa,   of  Atnerica,  and  of  Australia,     Besides  a 
number  of  Analytical  and  Statistical  Tables,  the  work  is  enriched 
with  eighty-five  illustrative  woodcuts.      **A  treatise  almost  unique 
for  its  usefulness  either  to  the  wine-grower,  the  vendor,  or  the  con- 
sumer of  wine.     T/ie  analyses  of  wine  are  the  most  complete  we 
have  yet  seen,  exhibiting  at  a  glance  the  constituent  principles  of 
nearly  all  the  wines  known  in  this  country." — Wine  Trade  Review. 

Wallace  (A.   R.)— CONTRIBUTIONS  TO  THE  THEORY 
OF    NATURAL    SELECTION.      A  Series    of   Essays.      By 
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Alfred  Russel  Wallace,  Author  of  "  The  Malay  Axchipdago," 
etc.  Second  Edition,  with  Corrections  and  Additions.  Crown 
8vo.  %s.6d.  (For  other  Works  by  the  same  Author,  see  Cata- 
logue OF  History  and  Travels.) 

Mr.   IVallace  has  good  claims  to  be  considered  as  an  independent 
originator  of  the  theory  of  natural  selection.      Dr.   Hooker^  in 
his  address  to  the  British  Association^  spoke  thus  of  the  author: 
**0f  Mr.  IVallace  and  his  many  contributions  to  philosophical 
biology  it  is  not  easy  to  speak  without  enthusiasm;  for^  putting 
aside  their   great  merits^   he^   throughout  his  writings^   with  a 
modesty  as  rare  as  I  beli^'e  it  to  be  unconscious,  forgets  his  awn 
unquestioned  claim  to  the  honour  of  having  originated,  indepen- 
dently of  Mr.  Darwin,  the  theories  which  he  so  ably  defends" 
The  Saturday  Review  says :  **IIe  has  combined  an  abundance  of 
fresh  and  original  facts  with  a  liveliness  and  sagacity  of  reasoning 
which  are  not  often  displayed  so  effectively  on  so  small  a  scale.** 
The  Essays  in  this  volume  are : — /.  '*(?«  the  Law  which  has  regu- 
toted  the  introduction  of  New  Species.**    II.  **  On  the  Tendencies  of 
Varieties  to  depart  indefinitely  from  the  Original  Type.**  III.  '^Mi- 
micry,  and  otJier  Protective  Resefnblatues  among  Animals.**    IV. 
**  The  Alalayan  Papilionida,   as  illustrative  of  the  Theory  of 
Natural  Selection**     V.  **0n  Instinct  in  Man  and  Animals.** 
VL   ''The  Philosophy  of   Bird^  Nests.**     VH.     ''A   Theory  of 
Bird^  Nests.**    VIII  *' Creation  by  Law.**    IX.  '*  The  Develop- 
ment  of  Human  Races  under  the  Law  of  Natural  Selection.** 
X.   **  The  Limits  of  Natural  Selection  as  applied  to  Man.** 

AVaringtOn.— THE  WEEK  OF  CREATION;  OR,  THE 
COSMOGONY  OF  GENESIS  CONSIDERED  IN  ITS 
RELATION  TO  MODERN  SCIENCE.  By  George  War- 
INGTON,  Author  of  **  The  Historic  Character  of  the  Pentateuch 
Vindicated."    Crown  8vo.     \s.  6d. 

The  greater  part  of  this  work  it  taken  up  with  the  teaching  of  the 
Cosmogony.  Its  purpose  is  also  investigated,  and  a  chafer  is 
devoted  to  the  consideration  of  the  passage  in  which  the  difficulties 
occur.  *'/!  very  able  vindication  of  the  Mosaic  Cosmogony,  by  a 
writer  who  unites  the  advantages  of  a  critical  knowledge  of  the 
Hebreiv  text  and  of  distinguished  scientific  attainments.*' — 
Spectator. 
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Wilson. — Works  by  the  late  George  Wilson,  M.D.,  F.R.S.E., 
Regius  Professor  of  Technology  in  the  University  of  Edinburgh  :— 

RELIGIO  CHEMICI.     With  a  Vignette  beautifully  engraved  after 
a  design  by  Sir  Noel  Paton.     Crown  8vo.     %s.  dd. 

"  George  H^san"  says  the  Preface  to  this  volunu,  **had  it  in  his  heart 
for  many  years  to  twite  a  book  corresponding  to  the  Religio  Mcdid 
of  Sir  Thomas  Browne^  tuiih  the  title  Religio  ChemicL  Several 
of  the  Essays  in  this  volume  were  intended  to  form  chapters  of  it. 
These  fragments  being  in  most  cases  like  finished  gems  waiting  to  he 
sett  5ome  of  them  are  now  gri>en  in  a  collected  form  to  his  friends 
and  the  public.  In  lizdng  remembrance  of  his  purpose,  the  name 
chosen  by  himself  has  been  adopted,  although  th^  original  design 
can  be  but  very  faintly  represented*^  The  Contents  of  the  volume 
are:— ''  Chemistry  and  Natural  Theology ^  **  The  Chemistry  of 
the  Stars;  an  Argument  touching  the  Stars  and  their  Inhcthitants'' 
*^  Chemical  Final  Causes;  as  illustrated  by  the  presence  of  Phos- 
phorus, Nitrogen,  and  Iron  in  the  Higher  Sentient  Organisms." 
''Robert Boyle:'  ''IVollaston."  ''Ufeand Disc(rveriesof  Dalton." 
**  Thoughts  on  the  Resurrection;  an  Address  to  Medical  Students" 
**A  more  fascinating  volume,"  the  Spectator  says,  **  has  seldom 
fallen  into  our  hands. "  The  Freeman  says:  **  These  papers  are  all 
valuable  and  deeply  interesting.  The  production  of  a  profound 
thinker,  a  suggestive  and  eloquent  writer,  and  a  man  whcse  piety 
and  genius  went  Jiand  in  hand." 

THE  PROGRESS  OF  THE  TELEGRAPH.     Fcap.  8vo.     \s. 

•*  While  a  complete  view  of  the  progress  of  the  greatest  of  human 
inventions  is  obtained,  all  its  suggestions  are  brought  out  with  a 
rare  thoughtfulness,  a  genial  humour ^  and  an  exceeding  beauty  qf 
utterance." — Nonconformist 

Winslow.— FORCE  AND  NATURE  :  ATTRACTION  AND 
REPULSION.  The  Radical  Principles  of  Energy  graphically 
discussed  in  their  Relations  to  Physical  and  Morphological  De- 
velopment.    By  C.  F.  WiHSLOW,  M.D.     8vo.     14J. 

TTte  author  having  for  long  im>estigated  Nature  in  many  directions, 
has  ever  felt  unsatisfied  with  the  physical  foundations  upon  which 
some  branches  of  sciettce  have  been  so  long  compelled  to  rest.  The 
question^  hebelievesy  must  have  occurred  to  many  astronomers  and 
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physicists  whether  some  subtle  principle  antagonistic  to  attraction 
does  not  also  exist  as  an  all-pervading  element  in  nature,  and  so 
operate  as  in  some  way  to  disturb  the  action  of  what  is  generally 
considered  by  the  scientific  world  a  unique  force.  The  aim  of  the 
present  work  is  to  set  forth  this  subject  in  its  broadest  aspects,  and 
in  such  a  manner  as  to  invite  thereto  the  attention  of  the  learned. 
The  subjects  of  the  eleven  chapters  are  :—L  *  *  Space. "  11.  *  *  Matter. " 
///.  ''Inertia,  Force,  and  Mind."  IV.  ''Molecules:'  V. 
"  Molecular  Force.''  VI.  "  Union  and  Inseparalnlity  of  Matter 
and  Force."  VII.  and  VII L  "Nature  and  Action  of  Force- 
Attraction— Repulsion:'  IX.  "Cosmical  Repulsion.  X.  "Me- 
chattical  Force:'  XI.  "Central  Forces  and  Celestial  Physics." 
"Deserves  thoughtfiil  and  conscientious  j/iw/j'."— Saturday  Review. 

Wurtz.— A  HISTORY  OF  CHEMICAL  THEORY,  from  the 
Age  of  Lavoisier  down  to  the  present  time.  By  Ad.  Wurtz. 
Translated  by  Henry  Watts,  F.R.S.     Crown  8vo.     6x. 

The  discourse,  as  a  resum^  of  chemical  theory  and  research,  unites 
singular  luminousness  and  grasp.  A  few  judicious  notes  are  added 
by  the  translator."— ?zi\  Mall  Gazette.  **  The  treatment  of  the 
subject  is  admirable,  and  the  translator  has  evidently  done  his  duty 
most  efficiently." — Westminster  Review. 


(< 


WORKS  IN  PHYSIOLOGY,  ANATOMY,  AND 
MEDICAL  WORKS  GENERALLY. 


AUbutt  (T.  C.)— ON  THE  USE  OF  THE  OPHTHALMO- 
SCOPE in  Diseases  of  the  Nervous  System  and  of  the  Kidneys ; 
also  in  certain  other  General  Disorders.  By  Thomas  Clifford 
Allbutt,  M.A.,  M.D.  Cantab.,  Physician  to  the  Leeds  General 
Infirmary,  Lecturer  on  Practical  Medicine,  etc.  etc    8va     15^. 

The  Ophthalmoscope  has  been  found  of  the  highest  value  in  the  inves- 
tigation of  nervous  diseases.  But  it  is  not  easy  for  physicians  who 
have  left  the  schools,  and  are  engaged  in  practice,  to  take  up  a  new 
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instruftunt  which  regutrti  much  skill  in  using;  it  is  thertftre 
hoped  that  by  such  the  present  volume,  containing-  the  results  of  the 
author's  extensive  use  of  the  instrument  in  diseases  of  the  nerwmi 
system,  will  be  found  of  high  value;  and  that  to  all  students  it  wiay 
prove  a  useful  hand-book.     After  four  introductory  chapters  on  the 
history  and  value  of  the  Ophthalmoscope,  and  the  manner  ofimfesA- 
gating  the  states  of  the  optic  nerve  and  retina,  the  author  treats  of 
the  various  diseases  with  which  optic  changes  are  associated,  and 
describes  the  way  in  which  such  associations  take  place.     Besida 
the  cases  referred  to  throughout  the  volume,  the  Appendix  con- 
tains details  of  \2%  cases  illustrative  of  the  subjects  discussed  in  the 
text,  and  a  series  of  tabulated  cases  to  show  the  Ophthalmoscofk 
appearances  of  the  eye  in  Insanity,  Mania,  Dementia,  MelanckcHa 
and  Monomania,  Idiotcy,  and  General  Paralysis^      The  volume  is 
illustrated  with  two  valuable  coloured  plates  of  morbid  appearances 
of  the  eye  under  the  Ophthalmoscope.     **By  its  aid  men  will  no 
longer  be  compelled  to  work  for  years  in  the  dark  ;  they  will  have  a 
defini/e  standpoint  whence  to  proceed  on  their  course  of  investigation^^ 
— Medical  Times. 

Anstie  (F.  E.)— NEURALGIA,  AND  DISEASES  WHICH 
RESEMBLE  IT.  By  Francis  E.  Anstie,  M.D.,  M.R.C.P., 
Senior  Assistant  Physician  to  Westminster  HospitaL    8vo.   lOr.  ()d. 

Dr.  Anstie  is  well  known  as  one  of  the  greatest  living  authorities  on 
Neuralgia.  The  present  treatise  is  the  result  of  many  yeari  careful 
independent  scientific  investigation  into  the  nature  and  proper  treat- 
ment of  this  most  painful  disease.  The  author  has  had  abundant 
means  of  studying  the  subject  both  in  his  own  person  and  in  the 
hundrais  of  patients  that' have  resorted  to  him  for  treatment.  He 
has  gone  into  the  whole  subject  indicated  in  the  title  ab  initio,  and 
the  publishers  believe  it  will  be  found  that  he  has  presented  it  in  an 
entirely  original  light,  and  done  mtuh  to  rob  this  excruciating  and 
hitherto  refractory  disease  of  many  of  its  terrors.  77te  Introduction 
treats  briefly  of  Pain  in  General,  and  contains  some  striking  and 
even  original  ideas  as  to  its  nature  and  in  reference  to  sensation 
generally. 

BarwelL— THE  CAUSES  AND  TREATMENT  OF  LATERAL 
CURVATURE  OF  THE  SPINE.  Enlarged  from  Lectures 
published  in  the  Lancet,     By  Richard  Barwell,  F.R.C.S., 
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Surgeon  to  and  Lecturer  on  Anatomy  at  the  Charing  Cross  HospitaL 
Second  Edition.     Crown  8vo.     41.  td. 

Having faiUd  to  find  in  books  a  satisfactory  theory  of  those  eonditions 
which  produce  lateral  curvature^  Mr.  Barwell  resolved  to  investi- 
gate the  subject  for  himself  ab  initio.  The  present  work  is  the 
result  of  long  and  patient  study  of  Spines^  normal  and  abnormal. 
He  believes  the  views  which  he  hcts  been  led  to  form  account  for  those 
essential  characteristics  which  have  hitherto  been  left  unexplained ; 
and  the  treatment  which  he  advocates  is  certainly  less  irksome^  and 
will  be  found  more  efficacious  than  that  which  has  hitherto  been 
pursued.  Indeed,  the  mode  in  which  the  first  edition  has  been 
received  by  the  profession  is  a  gratifying  sign  that  Mr.  BarweWs 
principles  have  made  their  iMilue  and  their  weight  felt.  Many 
pages  and  a  number  of  woodcuts  have  been  added  to  the  Second 
Edition. 

Corfield  (Professor  W.  H.)— a  DIGEST  OF  FACTS 

RELATING  TO  THE  TREATMENT  AND  UTILIZATION 
OF  SEWAGE.  By  W.  H.  Corfield,  M.A.,  B.A.,  Professor 
of  Hygiene  and  Public  Health  at  University  College,  London. 
8vo.     I  Of.  (>d.     Second  Edition,  corrected  and  enlarged. 

The  author  in  the  Second  Edition  has  revised  and  corrected  the  entire 
worky  and  made  many  important  additions.     The  headings  of  the 
eleven  chapters  are  as  follow: — /.   **  Early  Systems:  Midden-Heaps 
and  Cesspools."    II.   ''Filth  and  Disease  —  Cause  and  Effect.'* 
III.  ''Improved Midden- Pits  and  Cesspools;  Midden- Closets,  Pail- 
Closets,  eU."  IV.  "The Dry-Closet  Systems.    V.  "Hater- Closets.'* 
VI.  "  Sewerage:*    VII.  "  Sanitary  AspecU  of  the  Water-Carrying 
System."     VIII   "Value  of  Sewage;  Injury  to  Rivers."    IX. 
"Town  Sewage;  Attempts  at  Utilisation."    X.  "Filtration  and 
Irrigation."    XI.  "Influence  of  Sewage  Farming  on  the  Public 
Health."    An  abridged  account  of  the  more  recently  published 
researches  on  the  subject  will  be  found  in  the  Appendices,  while 
the  Summary  contains  a  concise  statement  of  the  tnews  which  the 
author  himself  has  been  led  to  adopt:  references  have  been  inserted 
throughout  to  show  from  what  sources  the  numerous  quotations  have 
been  derived,  and  an  Index  has  been  added.    "Mr.  Corfietds  work 
is  entitled  to  rank  as  a  standard  authority,  no  less  than  a  con^ 
venient  handbook,  in  all  matters  relating  to  sewage," — Athenieum. 
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Elam  (C.)— A  PHYSICIAN'S  PROBLEMS.  By  Charles 
ELAM,  M.  D. ,  M.  R.  C.  P.     Crown  8vo.     ^x. 

Contents  :—  **  Natural  Heritage^  **  On  Degeneraticm  in  Man.^ 
««  On  Moral  and  CHminal  Epidemics:'  ''Body  v.  Mindr  "  77- 
lusians  and  Hallucinations:'  **0n  Somnambulism.  ''Reverie 
and  Abstraction. "  These  Essays  are  intended  as  a  contribution  to 
the  Natural  History  of  those  outlying  regions  of  Thought  and 
Action  whose  domain  is  the  debateable  ground  of  Brain,  Nerve, 
and  Mind.  They  are  designed  also  to  indicate  the  origin  and  mode 
of  perpetuation  of  those  varieties  of  organisation,  intelligence,  and 
general  tendencies  towards  vice  or  virtue,  which  seem  to  he  se 
capriciously  developed  among  mankind.  They  also  point  to  causes 
for  the  infinitely  iMried  forms  of  disorder  of  nerve  and  brain- 
organic  and  functional— far  deeper  and  more  recondite  than  those 
generally  believed  in.  "  The  book  is  one  which  all  statesmen, 
magistrates,  clergymen,  medical  men,  and  parents  should  study  and 
inwardly  digest." — Examiner. 

Fox. — Works  by  Wilson  Fox,  M.D.  I^nd.,  F.R.C.P.,  Holme 
Professor  of  Clinical  Medicine,  University  College,  London, 
Physician  Extraordinary  to  her  Majesty  the  Queen,  etc  ; — 

ON  THE  DIAGNOSIS  AND  TREATMENT  OF  THE 
VARIETIES  OF  DYSPEPSIA,  CONSIDERED  IN  RELA- 
TION  TO  THE  PATHOLOGICAL  ORIGIN  OF  THE 
DIFFERENT  FORMS  OF  INDIGESTION.  Second  Edition. 
8vo.     ^s.  6d. 

ON  THE  ARTIFICIAL  PRODUCTION  OF  TUBERCLE  IN 
THE  LOWER  ANIMALS,  With  Coloured  Plates.    4to.  5j.  dd. 

In  this  Lecture  Dr.  Fox  describes  in  minute  detail  a  large  number  of 
experiments  made  by  him  on  guinea-pigs  and  rabbits  for  the  pur- 
pose of  inquiring  into  the  origin  of  Tubercle  by  the  agency  of  direct 
irritation  or  by  septic  matters.  This  method  of  inquiry  he  believa 
to  be  one  of  the  most  important  advances  which  have  been  recently 
made  in  the  pathology  of  the  disease.  The  work  is  illustrated  by 
three  plates,  each  containing  a  number  of  carefully  coloured  illus- 
trations from  nature. 

ON  THE  TREATMENT  OF  HYPERPYREXIA,  as  Illustrated 
in  Acute  Articular  Rheumatism  by  means  of  the  External  Applica- 
tion of  Cold.     8vo.     2s.  6d. 
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The  object  of  this  work  is  to  show  that  the  class  ofcasa  included  under 
the  title,  and  which  have  hitherto  been  invariably  fatal,  «RMiy,  by 
a  judicious  use  of  the  cold  bath  and  without  venesection,  be  brought 
to  a  favourable  termination.  Minute  details  are  given  of  the 
successful  treatment  by  this  method  of  two  patients  by  the  author, 
followed  by  a  Commentary  on  the  cases,  in  which  the  merits  of  the 
mode  of  treatment  are  discussed  and  compared  with  those  of  methods 
followed  by  other  eminent  practitioners.  Appended  are  tcUtles  of  the 
observations  made  on  the  temperature  during  the  treatment;  a  tc^le 
showing  the  effect  of  the  immersion  of  the  patients  in  the  baths  em" 
ployed,  in  order  to  exhibit  the  rede  at  which  the  temperature  was 
lowered  in  each  case;  a  table  of  the  chief  details  of  twenty-two 
cases  of  this  class  recently  published^  and  which  are  referred  to  in 
various  parts  of  the  Commentary,  Two  Charts  are  also  introduced, 
giving  a  connected  view  of  the  progress  of  the  two  succasful  ccua, 
and  a  scries  of  sphygmographic  tracings  of  the  pulses  of  the  two 
patients.  **A  clinical  study  of  rare  value.  Should  be  read  by 
every  one,'*'' — Medical  Press  and  Circular. 

GaltOn  (D.)— AN  ADDRESS  ON  THE  GENERAL  PRIN- 
CIPLES WHICH  SHOULD  BE  OBSERVED  IN  THE 
CONSTRUCTION  OF  HOSPITALS.  Delivered  to  the  British 
Medical  Association  at  Leeds,  July  1869.  By  DOUGLAS  Galton, 
C.  B. ,  F.  R.  S.     Crown  8vo.     3^.  6d. 

In  this  Address  the  author  endeavours  to  enunciate  what  are  those 
principles  which  seem  to  him  to  form  the  starting-point  faom  which 
all  architects  should  proceed  in  the  construction  of  kospitcUs.  Be- 
sides  Mr,  Gallon' s  paper  the  book  contains  the  opinions  expressed  in 
the  subsequeftt  discussion  by  several  eminent  mediccU  men,  such  as 
Dr,  Kennedy,  Sir  James  Y.  Simpson,  Dr.  Hughes  Bennd,  and 
others.  The  work  is  illustrated  by  a  number  of  plans,  sections,  and 
other  cuts.  **An  admirable  exposition  of  those  conditions  of  struc- 
ture which  most  conduce  to  cleanliness,  economy,  and  convenience.** 
— Times. 

Harley  (J.)— THE  OLD  VEGETABLE  NEUROTICS,  Hem- 
lock, Opium,  Belladonna,  and  Henbane;  their  Physiological 
Action  and  Therapeutical  Use,  alone  and  in  combination.  Being 
the  Gulstonian  Lectures  of  1868  extended,  and  including  a  Complete 
Examination  of  the  Active  Constituents  of  Opium.  By  John 
Harley,  M.D.  Lond,  F.R.C.P.,  F.L.S.,  etc    8vo.     12s. 
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T%e  author^ s  object  throughout  the  investigations  and  experiments  on 
which  this  volume  is  founded  has  been  to  ascertain,  clearly  and 
definitely  ,  the  action  of  the  drugs  employed  on  the  healthy  body  in 
medicinal  dosa,  from  the  smallest  to  the  largat ;  to  deduce  simple 
practical  conclusions  from  the  facts  observed  ;  and  then  to  apply  the 
drug  to  the  relief  of  the  particular  conditions  to  which  its  action 
appeared  suited.  Many  experiments  hai/e  been  made  by  the  author 
both  on  men  and  the  lower  animals ;  and  the  author^ s  endeavour 
has  been  to  present  to  the  mind,  as  far  as  words  may  do,  impra- 
sions  of  the  actual  condition  of  the  individual  subjected  to  the 
drug,  "  Those  who  are  interested  generally  in  the  progress  of 
medical  science  will  find  much  to  repay  a  careful  perusal."— 
AthenKum. 

Hood  (W^harton) on    BONE-SETTING  (so  called),  and 

its  Relation  to  the  Treatment  of  Joints  Crippled  by  Injury,  Rheu- 
matism, Inflammation,  etc  etc.  By  Wharton  P.  Hood, 
M.D.,  M.R.CS.     Crown  8vo.     4f.  6d, 

The  author  for  a  period  attended  the  London  practice  of  the  late  Mr. 
Hutton,  the  famous  and  successful  bone-setter,  by  whom  he  was 
initiated  into  the  mystery  of  the  art  and  practice.  Thus  the  author 
is  amply  qualified  to  write  on  the  subject  from  the  practical  point  cf 
vieWf  while  his  professional  education  enables  him  to  consider  it  in 
its  scientific  and  surgical  bearings.  In  the  present  work  he  gives  a 
brief  account  of  the  scUient  features  of  a  bone-setter's  method  of  pro- 
cedure in  the  treatment  of  damaged  joints,  of  the  results  of  that  treat- 
ment, and  of  the  class  of  cases  in  which  he  has  seen  it  prove  successful. 
I  he  author's  aim  is  to  give  the  rationcUe  of  the  bone-setter's  practice^ 
to  reduce  it  to  something  like  a  scientific  method,  to  show  when  force 
should  be  resorted  to  and  when  it  should  not,  and  to  initiate 
surgeons  into  the  secret  of  Mr.  Huttofis  successful  manipulation. 
Throughout  the  work  a  great  number  of  authentic  instances  of 
successful  treatment  are  given,  with  the  details  of  the  method  of 
cure;  and  the  Chapters  on  Manipulations  and  Affections  of  the 
Spine  are  illustrated  by  a  number  of  appropriate  and  well-executed 
cuts.  *■  *  Dr.  Hoods  book  is  full  of  instruction,  and  should  be  read 
by  all  surgeons,^* — Medical  Times. 

vPumphry.— THE  HUMAN  SKELETON  (including  the  joints). 
By  G.  M.  Humphry,  M.D.,  F.R.S.  With  260  illustrations, 
drawn  from  nature.     Medium  8to.     281. 
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In  lecturing  on  the  Skeleton  it  has  been  the  author's  practice^  instead 
of  giving  a  detailed  account  of  the  several  parts^  to  request  his 
students  to  get  up  the  descriptive  anatomy  of  certain  bones,  with  the 
aid  of  some  work  on  osteology.  He  afterwards  tested  their  acquire- 
ments  by  examination,  endeavouring  to  supply  deficiencies  and 
correct  errors,  adding  also  such  information— physical,  physiologic 
cal,  pathologicaJ,  arui practical — as  he  had  gathered  from  his  own 
observation  and  researches,  and  which  was  likely  to  be  useful  and 
excite  an  interest  in  the  subject.  This  additional  information 
Jorms,  in  great  part,  the  material  of  this  volume,  which  is  intended 
to  be  supplementary  to  existing  works  on  aruUoniy.  Considerable 
space  has  been  devoted  to  the  description  of  the  joints,  because  it  is 
less  fully  given  in  other  works,  and  because  an  accurate  knowledge 
of  the  structure  and  peculiar  form  of  the  joints  is  essential  to  a 
correct  knowledge  of  their  movements.  The  numerous  illustrations 
luere  all  drawn  upon  stone  from  nature;  and  in  most  instances, 
from  specimens  prepared  for  the  purpose  by  the  author  himsdf. 
^^  Bearing  at  once  the  stamp  of  the  accomplished  scholar,  and 
evidences  of  the  skilful  anatomist.  We  express  our  admiration  of 
the  drawings,*^ — Medical  Times  and  Gazette. 

Huxley's  Physiology. — See  p.  24,  preceding. 
Journal  of  Anatomy  and  Physiology. 

Conducted  by  Professors  Humphry  and  Newton,  and  Mr.  Clark 
of  Cambridge,  Professor  Turner  of  Edinburgh,  and  Dr. 
Wright  of  Dublin.  Published  twice  a  year.  Old  Series,  Parts 
I.  and  II.,  price  ^s,  6d,  each.  VoL  I.  containing  Parts  I.  and  II., 
Royal  8vo.,  16;.  New  Series,  Parts  L  to  IX.  ts.  each,  or  yearly 
Vols.  I2J.  td,  each. 

Lankester.— COMPARATIVE  LONGEVITY  IN  MAN  AND 
THE  LOWER  ANIMALS.  By  E.  Ray  Lankester,  B.A. 
Crown  8vo.     4f.  6d, 

This  Essay  gaitud  the  priste  offered  by  the  University  of  Oxford  for 
the  best  Paper  on  the  subject  of  which  it  treats.  This  interesting 
subject  is  here  treated  in  a  thorough  manner,  both  scientifically  and 
statistically. 

Maclaren.— TRAINING,  IN  THEORY  AND  PRACTICE. 
By  Archibald  Maclaren,  the  Gymnasium,  Oxford.  8vo. 
Handsomely  bound  in  doth,  ^s.  6d. 
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The  ordinary  events  of  health  are  Exercise,  Diet,  Steep,  Air,  Bath' 
ing,  and  Clothing,  In  this  work  the  author  examines  each  of 
these  agents  in  detail,  and  from  two  different  points  of  view,  first, 
as  to  the  manner  in  which  it  is,  or  should  be,  administered  under 
ordinary  circumstances  :  and  secondly,  in  what  manner  and  to 
what  extent  this  mode  of  administration  is,  or  should  be,  altered  for 
purposes  of  training ;  the  object  of  ^^ training,^*  according  to  the 
author,  being  **  to  put  the  body,  with  extreme  and  exceptional  care, 
under  the  influence  of  all  the  agents  which  promote  its  health  and 
strength,  in  order  to  enable  it  to  meet  extreme  and  exceptional  de- 
mands upon  its  energies."  Appended  are  various  diagrams  and 
tabUs  relating  to  boat-raciug,  and  tables  connected  with  did  and 
training.  **  The  philosophy  of  hufnan  health  has  seldom  recerzrd 
so  apt  an  exposition" — Globe.  **  After  all  the  nonsense  that  has 
been  written  about  training,  it  is  a  comfort  to  get  hold  of  a 
thoroughly  sensible  booh  at  last." — ^John  Bull. 

MacpherSOn. — WoricsbyJonN  Macpherson,  M.D.  : — 


THE  BATHS  AND  WELLS  OF  EUROPE ;  Their  Action  and 
Uses.  With  Hints  on  Change  of  Air  and  Diet  Cures.  With  a 
Map.     Extra  fcap.  8vo.     6f.  6d. 

7'his  work  is  intended  to  supply  information  which  ii*ill  afford  aid  in 
the  sdection  of  such  Spas  as  are  suited  for  particular  cases.  It 
exhibits  a  sketch  of  the  present  condition  of  our  kncnoiedge  on  the 
subject  of  the  operation  of  mineral  waters,  gathered  from  the 
author's  personal  observation,  and  from  every  other  available 
source  of  information.  It  is  divided  into  four  books,  and  each 
book  into  several  chapters: — Book  I  Elements  of  Treatment,  in 
which,  among  other  matters,  the  external  and  internal  uses  ofw^er 
are  treated  of.     II.  Bathistg,  treating  of  the  various  kinds  of  baths. 

III.  Wdls,    treating  of  the   various  kinds  of  mineral  waters. 

IV.  Diet  Cures,  in  which  various  vegetable,  milk,  and  other 
**  cures  "  are  discussed.  Appended  is  an  Index  of  Diseases  noticed, 
and  one  of  places  named.  Prefixed  is  a  sketch  map  of  the  principal 
baths  and  places  of  health-resort  in  Europe.  ^^Dr.  Macpherson 
has  given  the  kind  of  information  which  every  medical  practitioner 
ought  to  possess." — The  Lancet.  **  Whoever  wants  to  know  the 
real  character  of  any  health-resort  must  read  Dr.  Macpherson* s 
book." — Medical  Times. 
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Macpherson  (}.)^conHnued. 

OUR  BATHS  AND  WELLS  :  The  Mineral  Waters  of  the  British 
Islands,  with  a  List  of  Sea-bathing  Places.  Extra  fcap.  8vo. 
pp.  XV.  205.     5f.  td. 

Dr.  Macphfrson  has  dhnded  his  work  into  five  parts.     He  begins  by 
a  few  introductory  observations  on  bath  life^  its  circumstances ^  uses, 
and  pleasures  ;   he  then  explains  in  detail  the  composition  of  the 
various  mineral  waters^  and  points  out  the  special  curative  pro- 
perties of  each  class.     A  chapter  on   **The  History  of  British 
Wells "  from  the  earliest  period  to  the  present  time  forms  the 
natural  transition  to  the  second  part  of  this  volume^  which  treats  of 
the  different  kinds  of  mineral  waters  in  England^  whether  pure^ 
thermal  and  earthy^  saline^  chalybeate^  or  sulphur^     Wales^  Scot' 
landt  and  Ireland  supply  the  materials  for  distinct  sections.     An 
Index  of  mineral  waters^  one  of  sea-bathing  places,  and  a  third  of 
wells  of  pure  or  nearly  pure  water,  terminate  the  book.    **  This  little 
volume  forms  a  very  available  handbook  for  a  large  clcus  of 
invalids. " — Nonconformist. 

Maudsley. — Works  by  Henry  Maudslet,  M.D.,  Professor  of 
Medical  Jurisprudence  in  University  College,  London  : — 

BODY  AND  MIND:  An  Inquiry  into  their  Connection  and 
Mutual  Influence,  specially  in  reference  to  Mental  Disorders ;  being 
the  Gulstonian  Lectures  for  187a  Delivered  before  the  Royal 
College  of  Physicians.     Crown  8vo.     5J. 

The  volume  consists  of  three  Lectures  and  two  long  Appendices,  the 
general  plan  of  the  whole  being  to  bring  Man,  both  in  his  physical 
attd  mental  relations,  as  much  as  possible  under  the  scope  of  scientific 
inqtury.  The  first  Lecture  is  devoted  to  an  .exposition  of  the  physical 
conditions  of  mental  function  in  health.  In  the  second  Lecture  are 
sketched  the  features  of  some  forms  of  degeneracy  of  mind,  as  exhibited 
in  morbid  varieties  of  the  human  kind,  with  the  purpose  of  bringing 
prominently  into  notice  the  operation  of  physical  causes  from 
getteration  to  generation^  and  the  relationship  of  mental  to  other 
diseases  of  the  nervous  system.  In  the  third  Lecture  are  displayed 
the  relations  of  morbid  states  of  the  body  and  disordered  mental 
function.  Appendix  L  is  a  criticism  of  the  Archbishop  of  Varies 
address  on  *  *  The  Limits  of  Philosophical  Inquiry.  **  Appendix  II. 
deals  with  the  ''Theory  £f  Vitality,"  in  which  the  author  en- 
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Maudsley  {hi.)-<onHnued. 

deavaurs  to  set  forth  the  reflections  which  facts  seem  to  warrant. 
**It  distinctly  marks  a  step  in  the  progress  of  scienHfic  psychology. ^^ 
— ^Thc  Practitioner. 

THE    PHYSIOLOGY     AND     PATHOLOGY     OF     MIND. 
Second  Edition,  Revised.     8vo.     i6f. 

This  work  is  the  result  of  an  endeavour  on  the  author's  part  to  arrive 
at  some  definite  conviction  with  regard  to  the  physical  conditions  of 
mental  function^  and  the  relation  of  the  phenomena  of  sound  and 
unsound  mind.  The  author's  aim  throughout  has  been  twofold: 
I.  To  treat  of  mental  phenomena  from  a  physiological  rather  than 
from  a  metaphysical  point  of  view.  II.  To  bring  the  manifold 
instructive  instances  presented  by  the  unsound  mind  to  bear  upon 
the  interpretation  of  the  obscure  problems  of  mental  science.  In  the 
first  partf  the  author  pursues  his  independent  inquiry  into  the 
science  of  Mind  in  the  same  direction  as  that  followed  by  Bain^ 
Spencer,  Laycock,  and  Carpenter  ;  and  in  the  second,  he  studies 
the  subject  in  a  light  which,  in  this  country  at  least,  is  alwufst 
entirely  novel,  **Dr,  Maudsle^s  work,  which  has  already  become 
standard,  we  most  urgently  recommend  to  the  careful  study  of 
all  those  who  are  interested  in  the  physiology  and  pcUhology  of  the 
brain." — Anthropological  Review. 

Practitioner  (The). — a  M<withly  Journal  of  Therapeutics. 
Edited  by  Francis  E.  Anstie,  M.D.  8vo.  Price  is.  6d. 
Vols.  I  to  VII.    8vo.  cloth,     los.  6d.  each. 

Radcliffe.— DYNAMICS  OF  NERVE  AND  MUSCLE.  By 
Charles  Bland  Radcliffe,  M.D.,  F.R.C.P.,  Physician  to  the 
Westminster  Hospital,  and  to  the  National  Hospital  for  the 
Paralysed  and  Epileptic.     Crown  8vo.     8j.  6d. 

This  work  contains  the  result  of  the  author' s  long  investigations  into  the 
Dyrtamics  of  Nerve  and  Muscle,  as  conrtected  with  A  nimeU  Electricity. 
The  author  endeavours  to  show  from  these  researches  that  the  state 
of  action  in  nerve  and  muscle,  instead  of  being  a  manifestation  of 
vitality,  must  be  brought  under  the  domain  of  physical  law  in  order 
to  be  intdligible,  and  that  a  different  mearnng,  also  based  upon  pure 
physics,  must  be  attached  to  the  state  of  rest.     **  The  practitioner 
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will  find  in  Dr,  Radcliffe  a  *guitU,  philosopher^  and  friend ^^  from 
whose  teaching  he  cannot  fail  to  reap  a  plentiful  harvest  of  new  and 
valuable  idecu^ — Scotsman. 

Reynolds.— A  SYSTEM  OF  MEDICINE.  Vol.  I.  Edited 
by  J.  RussKLL  Reynolds,  M.D.,  F.R.C.P.  London.  Second 
Edition.    8vo.     25/. 

Part  I.  General  Diseases,  or  Affections  of  the  Whole  System. 
§  /. — Those  determined  by  agents  operating  from  without,  such  as 
the  exanthemata^  malarial  diseases,  and  their  allies.  §  //. — Those 
determined  by  conditions  existing  within  the  body,  such  as  Gout^ 
Rheumatism^  Rickets^  etc.  Part  II,  Local  Diseases,  or  Affections 
of  particular  Systems,     §  /. — Diseases  of  the  Skin, 

A  SYSTEM  OF  MEDICINE.     Vol  II.     Second  Edition  in  the 
Press.     8vo.  25/. 

Part  II.  Local  Diseases  (continued).  §  /. — Diseases  of  the  Nervous 
System,  A,  General  Nervous  Diseases.  B,  Partial  Diseases  of 
the  Nervous  System,  I.  Diseasa  of  the  Head,  2.  Diseases  of  the 
Spinal  Column.  3.  Diseases  of  the  Nerves,  %  II. — Diseases  of 
the  Digestive  System.     A.  Diseases  of  the  Stomach. 

A  SYSTEM  OF  MEDICINE.    VoL  III.    8vo.    25J. 

Part  II.  Local  Diseases  (continued).  §  II,  Disecues  of  the  Digestive 
System  (continued),  B.  Diseases  of  the  Mouth.  C,  Diseases  of 
the  Fauces^  Pharynx^  and  (Esophagus,  D,  Disecues  of  the  In- 
testines. E.  Diseases  of  the  Peritoneum.  F,  Disecues  of  the 
Liver,  G.  Disecues  of  the  Pancreas,  §  ///. — Diseases  of  the 
Respiratory  .System,  A.  Diseases  of  the  Larynx,  B,  Disecues  of 
the  Thoracic  Organs,  ^*  One  of  the  best  and  most  comprehensive 
treatises  on  Medicine  which  have  yet  been  attempted  in  any  country," 
— Indian  Medical  Journal  **Cofttains  some  of  the  best  essays 
that  have  latdy  appeared,  and  is  a  complete  library  in  itself," — 
Medical  Press. 

Seaton.— A  handbook  of  vaccination.  By  Edward 
C.  Seaton,  M.D.,  Medical  Inspector  to  the  Privy  Council  Extra 
fcap.     Svo.     8j.  ()d. 

The  author's  object  in  putting  forth  this  work   is  twofold:  First,  to 
provide  a  text-book  on  the  science  and  practice  of  Vaccination  for 
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thi  use  ofy<mnger  practitioners  and  of  medical  students  ;  secondly , 
to  give  what  assistance  he  could  to  those  engaged  in  the  administra- 
tion of  the  system  of  Public  Vaccination  establisked  in  England, 
For  many  years  past^  from  the  nature  of  his  office.  Dr.  Seaton  has 
had  constant  intercourse  in  reference  to  the  subject  of  Vaccination, 
with  medical  men  who  are  interested  in  it,  and  especially  vith  that 
large  part  of  the  profession  who  are  engaged  as  Public  Vacci- 
nators. All  the  varieties  of  pocks,  both  in  men  and  the  loicer 
animals,  are  treated  of  in  detail,  and  much  valuable  information 
given  on  all  points  connected  with  lymph,  and  minute  instructiims 
as  to  the  niceties  and  cautions  which  so  greatly  influence  success 
in  Vaccination.  The  administrative  sections  of  the  work  will  be 
of  interest  and  value,  not  only  to  medical  practitioners,  but  to 
many  others  to  whom  a  right  understanding  of  the  principles  on 
which  a  system  of  Public  Vaccination  should  be  based  is  indis- 
pensable. *  *  Henceforth  the  indispensable  ha  ndbook  of  Public  Vacci- 
nation, and  the  standard  authority  on  this  great  subject.  ^ — British 
Medical  JouniaL 

Symonds   (J.   A.,    M.D.)— miscellanies.    By  John 

Addington    Symonds,   M.D.      Selected  and   Edited,  with  an 
Introductory  Memoir,  by  his  Son.     8vo.     is.  ()d. 

The  late  Dr.  Symonds  of  Bristol  was  a  nun  of  a  singularly  versatile 
and  elegant  as  well  as  parwerful  and  scientific  intellect.  In  order 
to  make  this  selection  from  his  many  works  generally  interesting, 
the  editor  hoe  confined  himself  to  works  of  pure  literature,  and  to 
such  scientific  studies  as  had  a  general  philosophical  or  social 
interest.  Among  the  general  subjects  areuirticles  on  ^*  the  Principles 
of  Beauty,'' on  ''Knowledge,''  and  a  ''Life  of  Dr.  Prichardy' 
among  the  Scientific  Studies  are  papers  on  "Sleep  and  Dreams," 
"Apparitions,"  "the  Rdations  between  Mind  and  Muscle," 
"Habit,"  etc.;  there  are  several  papers  on  "the  Social  and 
Political  Aspects  of  Medicine  ;"  and  a  few  Poems  and  Transla- 
tions selected  from  a  great  number  of  equal  merit.  "A  collection  of 
graceful  essays  on  general  and  scientific  subjects,  by  a  very  accom- 
plished physician.  " — Graphic. 
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WORKS  ON  MENTAL  AND  MORAI, 
PHILOSOPHY,  AND  ALLIED  SUBJECTS, 


Aristotle.  — AN  INTRODUCTION  TO  ARISTOTLE'S 
RHETORIC.  With  Analysis,  Notes,  and  Appendices.  By  E. 
M.  COFE,  Trinity  College,  Cambridge.-    8vo«     14/. 

This  work  is  introductory  to  an  edition  of  the  Greek  Text  of  AristoiUs 
Khetoric^  which  is  in  course  of  preparcUion,  Its  object  is  to  render 
that  treeUise  thoroughly  intelligible.  The  author  has  aimed  to 
illustrate^  as  preparcUory  to  the  detailed  explanation  of  the  tuork^  the 
general  bearings  and  relations  of  the  Art  of  Rhetoric  in  itself  as 
well  as  the  special  mode  of  treating  it  acbpted  by  Aristotle  in  his 
peculiar  system.  The  evidence  upon  obscure  or  doubtful  questions 
connected  with  the  subject  is  examined;  and  the  rehtions  which 
Rhetoric  bears^  in  AristotUs  view^  to  the  kindred  art  of  Logic  are 
fully  considered.  A  connected  Analysis  of  the  work  is  given^  and 
a  few  important  matters  are  separcUdy  discussed  in  Appendices. 
There  is  added,  as  a  general  Appendix,  by  way  of  specimen  of  the 
antagonistic  system  oflsocrates  and  others,  a  complete  analysis  of 
the  treatise  called  'Pip'optx^  *'P^'  *AA^{ay8por,  with  a  discussion  of 
its  authorship  and  of  the  probable  results  of  its  teaeking. 

ARISTOTLE  ON  FALLACIES;  OR,  THE  SOPHISTICI 
ELENCHI.  With  a  Translation  and  Notes  by  Edward  Posts, 
MA.,  Fellow  of  Oriel  College,  Oxford.     8vo.     8j.  6d, 

Besides  the  doctrine  of  Fallacies,  Aristotle  offers,  either  in  this  treatise 
or  in  other  passages  quoted  in  the  Commentary,  various  ghnces 
oi'cr  the  world  of  science  and  opinion,  various  suggestions  or  pro- 
blems which  are  still  agitated,  and  a  vivid  picture  of  the  ancient 
system  of  dialectics,  which  it  is  hoped  may  be  found  both  interesting 
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and  instructive,  **It  will  be  an  assistance  to  genuine  students  ef 
Anstot/e.^^GuaidiaD..  **It  is  indeed  a  work  of  great  skill," — 
Saturday  Review. 

Butler  (W.    A.),  Late  Professor  of  Moral  PhUosophy  in  the 
University  of  Dublin  : — 

LECTURES  ON  THE  HISTORY  OF  ANCIENT  PHILO- 
SOPHY.  Edited  from  the  Author's  MSS.,  with  Notes,  by 
William  Hepworth  Thompson,  M.A.,  Master  of  Trinity 
Collie,  and  Regius  Professor  of  Greek  in  the  University  of 
Cambridge.    Two  Volumes.     8vo.     i/.  y. 

These  Lectures  consist  of  an  Introductory  Series  on  the  Science  of  Mind 
generally,  and  five  other  Series  on  Ancient  Philosophy,  the  greater 
part  of  which  treat  of  Plato  and  the  Platonists,  the  Fifth  Series 
being  an  unfinished  course  on  the  Psychology  of  Aristotle,  contain- 
ing  an  able  Analysis  of  the  well  known  though  by  no  means  wdl 
understood  Treatise,  wtpl  ^vx^s.  These  Lectures  are  the  result  of 
patient  and  conscientious  examination  of  the  original  documents, 
and  may  be  considered  as  a  perfectly  independent  contribution  to  our 
knowledge  of  the  great  master  of  Grecian  wisdom.  The  authot^s 
intimate  familiarity  with  the  metaphysical  writings  of  the  last 
century,  and  especially  with  the  English  and  Scotch  School  of 
Psychologists,  has  enabled  him  to  illustrate  the  subtle  speculations 
of  which  he  treats  in  a  manner  calculated  to  render  them  more 
intelligible  to  the  English  mind  than  they  can  be  by  wipers  trained 
solely  in  the  technicalities  of  modem  German  schools.  The  editor 
has  verified  all  the  references,  and  added  valuable  Notes,  in  which 
he  points  out  sources  of  more  complete  infifrmation.  The  Lectures 
constitute  a  History  of  the  Platonic  Philosophy — its  seed-time, 
maturity,  and  decay. 

SERMONS  AND  LETTERS  ON  ROMANISM.- See  Theo- 
logical Catalogue. 

CalderwOOd.— PHILOSOPHY  OF  THE  INFINITE:  A 
Treatise  on  Man's  Knowledge  of  the  Infinite  Being,  in  answer  to 
Sir  W.  Hamilton  and  Dr.  Mansel.  By  the  Rev.  Henry 
C  ALDER  WOOD,  M.A.,  LL.D.,  Professor  of  Moral  Philosophy  in 
tiie  University  of  Edinburgh.    Cheaper  Edition.    8vo.     7^,  6^. 


MENTAL  AND  MORAL  PHILOSOPHY,  ETC.      AM 

The  purpose  of  this  volume  is^  hy  a  careful  analysis  of  consciousness ^ 
to  provCf  in  opposition  to  Sir  IV,  Hamilton  and  Mr.  Mansd,  that 
man  possesses  a  notion  of  an  Infinite  Beings  and  to  ascertain  the 
peculiar  nature  of  the  conception  and  the  particular  relations  in 
which  it  is  found  to  arise.  The  province  of  Faith  cu  rdated  to  that 
of  Knowledge^  and  the  characteristics  of  Knowledge  and  Thought 
as  bearing  on  this  subject^  are  examined;  and  separcUe  chapters  are 
devoted  to  the  consideration  of  our  knowledge  of  the  Infinite  as 
First  CausCy  as  Moral  Governor^  and  cu  the  Object  of  Worship, 
**A  booh  of  great  ability  ....  written  in  a  clear  style,  and  may 
be  easily  understood  by  even  those  who  are  not  versed  in  such 
discussions.^^ — British  Quarterly  Review. 

Elam.— A  PHYSICIAN'S  PROBLEMS.  —  Sec  Medical 
Catalogue,  preceding. 

Galton  (Francis).— HEREDITARY  GENIUS  :  An  Inquiry 
into  its  Laws  and  Consequences.  See  Physical  Science 
Catalogue,  preceding. 

Green  (J.  H.)— SPIRITUAL  PHILOSOPHY:  Founded  on 
the  Teaching  of  the  late  Samuel  Taylor  Coleridge.  By  the 
late  Joseph  Henry  Green,  F.R.S.,  D.C.L.  Edited,  with  a 
Memoir  of  the  Author's  Life,  by  John  Simon,  F.R.S.,  Medical 
Officer  of  Her  Majesty's  Privy  Council,  and  Surgeon  to  St. 
Thomas's  Hospital    Two  Vols.     8vo.     2y. 

The  late  Mr.  Greeny  the  eminent  surgeon,  was  for  many  years  the 
intimate  friend  and  disciple  of  Coleridge,  and  an  ardent  student  of 
philosophy.  The  language  of  Coleridg^s  will  imposed  on  Mr. 
Green  the  obligation  qjf  devoting,  so  far  as  necessary,  the  remainder 
of  his  life  to  the  one  task  of  systematising,  deveioping,  and  establish- 
ing the  doctrines  of  the  Coleridgian  philosophy.  With  the  assist- 
ance of  Coleridg^s  manuscripts,  but  especially  from  the  knowledge 
he  possessed  of  Coleridg^s  doctrines,  and  independent  study  of  at  least 
the  basal  principles  and  metaphysics  of  the  sciences  and  of  all  the 
phenomena  of  human  life,  he  proceeded  logically  to  work  out  a 
system  of  universal  philosophy  such  as  he  deemed  would  in  the  main 
accord  with  his  master's  aspirations.  After  many  years  of  pre- 
paratory labour  he  resolved  to  complete  in  a  compendious  form  a 
work  which  should  give  in  system  the  doctrines  most  distinctly 
Coleridgian.     The  result  is  these  two  volumes.     The  first  volume 
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is  devoted  to  the  general  principles  of  philosophy ;  the  second  aims  at 
vindicating  k  priori  (on  principles  for  which  the  first  voluwte  has 
contended)  the  essential  doctrines  of  Christianity.  The  work  is 
divided  into  four  parts:  I.  **0n  the  Intellectual  Faculties  and 
processes  which  are  concerned  in  the  Investigation  of  Trttth." 
II  ''Of  First  Principles  in  Philosophy."  III.  *'  Truths  of 
Pdigion."  IV.  "  The  Idea  of  Christianity  in  relation  to  Con- 
troversial Philosophy." 

Huxley  (Professor.) — lay   sermons,    addresses. 

AND    REVIEWS.      See   Physical    Science    Catalogue, 
preceding. 

Jcvons. — Works  by  W.   Stanley  Jevons,   M.A.,   Professor  of 
Logic  in  Owens  CoUegc,  Manchester  : — 

THE  SUBSTITUTION  OF  SIMILARS,  the  True  Principle  of 
Reasoning.  Derived  from  a  Modification  of  Aristotle's  Dictum. 
Fcap.  8vo.     2s.  6d. 

"  All  acts  of  reasoning  "  the  author  says,  **  seem  to  me  to  ^  dif- 
ferent cases  of  one  uniform  process^  which  may  perhaps  be  bat 
described  as  the  substitution  of  similars.  This  phrase  clearly 
expresses  that  familiar  mode  in  which  we  continually  argue  by 
analogy  from  like  to  like,  and  take  one  thing  as  a  representatiiH 
of  another.  The  chief  difficulty  consists  in  showing  that  all  the 
forms  of  the  old  logic j  as  well  as  the  fundamental  rides  of  mathe- 
matical reasoning,  may  be  explained  upon  the  same  principle;  and 
it  is  to  this  difficult  task  I  have  devoted  the  most  attention.  Sltouid 
my  notion  be  true,  a  7/ast  mass  of  technicalities  may  be  swept  from 
our  logical  text-books  and  yet  the  small  remaining  part  of  logical 
doctrine  will  prove  far  more  useful  than  all  the  learning  of  the 
Schoolmen."  Prefixed  is  a  plan  of  a  new  reasoning  machine,  the 
Logical  Abacus,  the  construction  and  working  of  which  is  fully 
explained  in  the  text  and  Appendix,  **  Mr.  Jevons*  book  is  very 
clear  and  intelligible,  and  quite  worth  consulting." — Guardian. 

ELEMENTARY  LESSONS  IN  LOGIC— See  Educational 
Catalogue. 

MaccoU.— THE  GREEK  SCEPTICS,  from  Pyrrho  to  Sextus. 
An  Essay  which  obtained  the  Hare  Prize  in  the  year  186S.    By 
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Norman  Maccoll,   B.A.,  Scholar  of  Downing  College,  Cam- 
bridge.    Crown  8vo,     3j.  6</. 

This  Essay  consists  of  fivf  parts:  /.  ^^ Introduction^  II.  ^^Pyrrho 
and  Tinumr  III.  ''The  New  Academy.''  IV.  ''The  Later 
Sceptics."  V.  "  The  Pyrrhoneans  and  New  Academy  con- 
trasted J" — "Mr.  MaccoU  has  produced  a  monograph  which  merits 
the  gratitude  of  all  students  of  philosophy.  His  style  is  clear  and 
vigorous;  he  has  mastered  the  authorities,  and  criticises  them  in  a 
modest  but  independent  spirit ^ — Pall  Mall  Gazette. 

M*Cosh.— Works  by  James  M*Cosh,  LL.D.,  President  of  Princeton 
College,  New  Jersey,  U.S. 

**  He  certainly  sho^vs  himself  skilful  in  that  application  of  logic  to 
psychology^  in  that  inductive  science  of  the  human  mind  which  is 
the  fine  side  of  English  philosophy.  His  philosophy  as  a  whole  is 
worthy  of  attention.'* — Revue  de  Deux  Mondes. 

THE  METHOD  OF  THE  DIVINE  GOVERNMENT,  Physical 
and  Moral.     Tenth  Edition.     8vo.     icxr.  6d. 

This  work  is  divided  into  four  books.  The  first  presents  a  general 
vifiv  of  the  Divine  Gcrvernment  as  fitted  to  throw  light  on  the 
character  of  God;  the  second  deals  with  the  method  of  the  Divine 
Gcrvernment  in  the  physical  world;  the  third  treats  of  the  principles 
of  the  human  mind  through  which  God  governs  mankind;  and  the 
fourth  is  on  Pastoral  and  Revealed  Religion,  and  the  Restoration 
of  Man.  An  Appendix^  consisting  of  seven  articles,  investigates 
the  fundamental  principles  which  underlie  the  speculations  of  the 
treatise.  "  This  work  is  distinguished  from  other  similar  ones  by 
its  being  based  upon  a  thorough  study  of  physical  science,  and  an 
accurate  knowledge  of  its  present  condition^  and  by  its  entering  in  a 
deeper  and  more  unfettered  manner  than  its  predecessors  upon  the  dis- 
cussion of  the  appropriate  psychological,  ethical,  and  theological  ques' 
tions.  The  author  keeps  aloof  at  once  from  the  4  priori  idealism  and 
dreaminess  of  German  speculation  since  Schelling^  and  from  the 
onesidedness  and  narrowness  of  the  empiricism  and  positivism 
which  have  so  prevailed  in  England '' — Dr.  Ulrici,  in  "Zeitschrift 
fiir  Philosophic." 

THE  INTUITIONS  OF  THE  MIND.      A  New  Edition.     8vo. 
doth.     I  Of.  6i/. 

D 
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M*Cosh  {}.)^<(mtinwd. 

* 

TTu  inject  of  this  treatise  is  to  determine  the  true  nature  of  Intuition, 
and  to  investigate  its  laws.  It  starts  with  a  general  7'iew  of 
intuitive  convictions,  their  character  and  the  method  in  which  they 
are  employed,  and  passes  on  to  a  mare  detailed  examination  of 
them,  treating  them  under  the  various  hmds  of  ^*  Primitrz'e  Cogni- 
tions," '' Primitive  Bdiefs,"  '' Primitive  Judgments,"  and '' Moral 
Convictions."  Their  relations  to  the  various  sciences,  mental  and 
physical,  are  then  examined.  Collateral  criticisms  are  thrc^icn 
into  prdiminary  and  supplementary  chapters  and  sections.  *  *  The 
undertaking  to  ctd/ust  the  claims  of  the  sensational  and  intuitional 
philosophies,  and  of  the  \  posteriori  and  4  priori  methods,  is 
accomplished  in  this  work  with  a  great  amount  of  success." — 
Westminster  Review.  **/  value  it  for  its  large  acquaintance 
with  English  Philosophy,  which  has  not  led  him  to  neglect  the 
great  German  works.  I  admire  the  moderation  and  clearness,  as 
well  as  comprehensiveness,  of  the  author's  znews." — Dr.  Domer,  of 
Berlin. 

AN  EXAMINATION  OF  MR.  J.  S.  MILL*S  PHILOSOPHY: 
Being  a  Defence  of  Fundamental  Truth.     Crown  8vo.     is,  6«/. 

This  volume  is  not  put  forth  by  its  author  as  a  s/^cial  reply  to  Mr. 
AfiU's  ''Examination  of  Sir  fVilliam  //amilton's  Philosophy." 
In  that  work  Mr.  Mill  has  furnished  the  means  of  thoroughly 
estimating  his  theory  of  mind,  of  which  he  had  only  given  hints 
and  glimpses  in  his  logical  treatise.  It  is  this  theory  which  Dr. 
M*Cosh  professes  to  examine  in  this  volume;  his  aim  is  simply  to 
defend  a  portion  of  primary  truth  which  has  been  assailed  by  an 
acute  thinker  who  has  extensive  influence  in  England.  ""In 
such  points  as  Mr.  Mills  notions  of  intuitions  and  necessity,  ke 
will  have  the  znnce  of  mankind  with  him."—  Athenaeum.  '''Suck 
a  work  greatly  needai  to  be  done,  and  the  author  Tvas  the  man  to 
do  it.  This  volume  is  important,  not  merdy  in  reference  to  the 
views  of  Mr.  MUl,  but  of  the  whole  school  of  writers,  past  and 
present,  British  and  Continental,  he  so  ably  represents" — Princeton 
Review. 

THE  LAWS  OF  DISCURSIVE  THOUGHT :    Being  a  Text- 
book  of  Formal  Logic.     Crown  8vo.     5^. 

7^  main  feature  of  this  Logical  Treatise  is  to  be  found  in  the  more 
thorough  investigation  of  the  nature  of  the  ftotion,   in  regard  to 
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M'Cosh  {I. ^)— continued, 

7vhuh  the  I'iezos  of  the  school  of  Locke  and  JVhately  are  regarded 
by  the  author  as  very  defectwe^  and  tfu  views  of  the  school  of  Kant 
and  Hamilton  altogether  erroneous.  The  author  believes  thai 
errors  spring  far  more  frequently  from  obscure^  inadequate^  indis' 
tincty  and  confused  Amotions,  and  from  not  pktcing  the  Notions  in 
their  proper  relation  in  judgment^  than  from  Ratiocination,  In 
this  treatise^  therefore^  the  Notion  (with  the  term^  and  the  Relation 
of  Thought  to  Language)  will  be  found  to  occupy  a  larger  relative 
place  than  in  any  logical  u*ork  written  since  the  time  of  the  famous 
Art  of  Thinking.  "77/^  amount  of  summarized  information 
ivhich  it  contains  is  very  great;  and  it  is  the  only  work  on  the  very 
important  subject  with  which  it  deals.  Never  was  such  a  work 
so  much  needed  as  in  the  present  day." — London  Quarterly 
Review. 

CHRISTIANITY  AND  POSITIVISM  :  A  Series  of  Lectur«8  to 
the  Times  on  Natural  Theology  and  Apologetics.  Crown  8vo. 
*js.  6d. 

These  Lectures  were  delivered  in  Neiv  York,  by  appointment^  in  the 
beginning  of  1 87 1,  as  the  second  course  on  the  foundation  of 
the  Union  Theological  Seminary.  There  are  ten  Lectures  in  all^ 
divided  into  three  series : — /.  *  *  Christianity  and  Physical  Science** 
(three  lectures).  II.  ^*  Christianity  and  Mental  Science"  (f*^^ 
lectures).  III.  *  *  Christianity  and  Historical  Investigation  "  (three 
lectures).  The  Appendix  contains  articles  on  **Gaps  in  the  Theory 
of  Drjelopment ;"  ''Darwin's  Descent  of  Man."  ^'Principles 
of  Herbert  Spencer's  Philosophy."  In  the  course  of  the  Lectures 
Dr.  M'Cosh  discusses  all  the  most  important  scientific  problems 
which  are  supposed  to  affect  Christianity. 

Masson.— RECENT  BRITISH  PHILOSOPHY:  A  Review, 
with  Criticisms  ;  including  some  Comments  on  Mr.  Mill's  Answer 
to  Sir  William  Hamilton.  By  David  Masson,  M.A.,  Professor 
of  Rhetoric  and  English  Literature  in  the  University  of  Edinburgh. 
Crown  8vo.     6x. 

The  author^  in  his  usual  graphic  and  forcible  manner,  reviews  in 
considerable  detail,  and  points  out  the  drifts  of  the  philosophical 
speculations  of  the  previous  thirty  years,  bringing  under  notice  the 
work  of  all  the  principal  philosophers  who  have  been  at  work  during 
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MaSSOn   {jy^— continued. 

that  period  on  the  highest  problems  which  concern  humanity.  The 
four  chapters  are  thus  titled: — /.  **^  Survey  of  Thirty  Years. ^^ 
II.  **The  Traditional  Differ etices :  hew  repeated  in  Carlyle, 
Hamilton,  and  Mill."  III.  ''Ejffects  of  Recent  Scientific  Con- 
ceptions on  Philosophy."  IV.  ''Latest  Drifts  and  Groupings." 
The  last  sez'enty-six  pages  are  devoted  to  a  Review  of  Air.  Milts 
criticism  of  Sir  IVilliam  Hamilton's  Philosophy.  **  f-Ve  can 
nowhere  point  to  a  work  which  gwes  so  clear  an  exposition  of 
the  course  of  philosophical  speculation  in  Britain  during  the  past 
century,  or  which  indicates  so  instructkrly  the  mutual  influences  of 
philosophic  and  scientific  tliought." — Fortnightly  Review. 

BRITISH  NOVELISTS.— See  Belles  Lettres  Catalogue. 

LIFE  OF  MILTON.— See  Biographical  Catalogue. 

Maudsley. — Works  by  Henry  Maudsley,  M.D.,  Professor  of 
Medical  Jurisprudence  in  University  College,  London  : — 

BODY  AND  MIND  :  An  Inquiry  into  their  Connection  and 
Mutual  Influence,  specially  in  reference  to  Mental  Diseases.  See 
Medical  Catalogue,  preceding. 

THE  PHYSIOLOGY  AND  PATHOLOGY  OF  MIND. 
See  Medical  Catalogue,  preceding. 

Maurice. — Works  by  the  Rev.  Frederick  Denison  Maurice, 
M.A.,  Professor  of  Moral  Philosophy  in  the  University  of  Cam- 
bridge. (For  other  Works  by  the  same  Author,  see  Theological 
Catalogue.) 

SOCIAL  MORALITY.  Twenty-one  Lectures  delivered  in  the 
University  of  Cambridge.     8vo.     I4r. 

In  this  series  of  Lectures,  Professor  Maurice  considers,  historically 
and  critically.  Social  Morality  in  its  three  main  aspects  :  /.  **  TTte 
Relations  which  spring  from  the  Family — Domestic  Morality." 
II.  '*  The  Relations  which  subsist  among  the  various  constituents 
of  a  Nation — National  Alorality."  III.  ''As  it  concerns  Urn* 
versal  Humanity — Universal  Morality. "  Appended  to  each  series 
is  a  chapter  on  "  Worship :"  first,  "Family  Worship;"  second^ 
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Maurice  (F.  'D^— continued. 

''National  Worship;''  third,  ''Universal  Worships  "  Whilst 
reading  it  we  are  charmed  by  the  freedom  from  exclusiveness  and 
prejudice f  the  large  charity,  the  loftiness  of  thought,  the  eagerness  to 
recognize  and  appreciate  whatever  there  is  of  real  worth  extant  in 
the  world,  which  animates  it  from  one  end  to  the  other.  We  gain 
new  thoughts  and  new  ways  ofvieiuing  things,  ei/en  more,  perhaps, 
from  being  brought  for  a  time  under  the  influence  of  so  noble  and 
spiritual  a  mind." — Athenaeum. 

THE  CONSCIENCE :  Lectures  on  Casuistry,  delivered  in  the 
University  of  Cambridge.  New  and  Cheaper  Edition.  Crown  8vo. 
Ss. 

In  this  series  of  nine  Lectures,  Professor  Maurice,  with  his  wonted 
force  and  breadth  and  freshness,  endeavours  to  settle  what  is  meant 
by  the   word    "Conscience,"   and  discusses  the  most  important 
questions  immediately  connected  with  the  subject.     Taking  "Casu- 
istry "  in  its  old  sense  as  being  the  "study  of  cases  of  Conscience," 
he  endeavours  to  show  in  what  way  it  may  be  brought  to  bear  at 
the  present  day  upon  the  acts  and   thoughts  of  our  ordinary 
exist enee.     He  shows  that  Conscience  asks  for  laws,  not  ruUs ; 
for  freedom,    not  chains ;  for  education,    not  suppression.     He 
has  abstained  from  the  use  of  philosophical  terms,  and  Has  touched 
on  philosophical  systems  only  when  he  fancied  "they  were  inter- 
fering with  the  rights  and  duties  of  untyfarers."     The  Saturday 
Review  jflyj.*  "We  rise  from  them  with  detestation  of  all  that  is 
selfish  and  mean,  and  with  a  living  impression  thcU  there  is  such  a 
thing  as  goodness  after  all." 

MORAL  AND  METAPHYSICAL  PHILOSOPHY.  New 
Edition  and  Preface.  Vol.  I.  Ancient  Philosophy  and  the  First  to 
the  Thirteenth  Centuries  ;  Vol.  II.  the  Fourteenth  Century  and  the 
French  Revolution,  with  a  glimpse  into  the  Nineteenth  Century. 
2  Vols.     8vo.    25J. 

This  is  an  Edition  in  two  volumes  of  Professor  Maurice's  History  of 
Philosophy  from  the  earliest  period  to  the  present  time.  It  was 
formerly  scattertd  throughout  a  number  of  separate  volumes,  and  it 
is  believed  that  all  admirers  of  the  author  and  all  students  of 
philosophy  will  welcome  this  compact  Edition.  The  subject  is  one 
of  the  hig/iest  importance,  and  it  is  treated  here  with  fulness  and 
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candour^  and  in  a  clear  and  interesting  manner.  In  a  long  intro- 
duction to  this  Edition  y  in  the  form  of  a  dialogue^  Professor  Maurice 
justifies  some  of  his  own  peculiar  views^  and  touches  upon  some  of 
the  most  important  topics  of  the  time. 

Murphy.— HABIT  AND  INTELLIGENCE,  in  Connection 
with  the  Laws  of  Matter  and  Force  :  A  Series  of  Scientific  Essays. 
By  Joseph  John  Murphy.     Two  Vols.     8vo.  i6x. 

The  author's  chief  purpose  in  this  ivork  has  been  to  state  and  to  dis- 
cuss what  he  regards  as  the  special  and  characteristie  principles  of 
life.      The  most  important  part  of  the  work  treats  of  those  vital 
principles  which  belong  to  the  inner  domain  of  life  itself  as  dis- 
tinguished from  the  priticiples  which  belong  to  the  border-land 
where  life  comes  into  contact  tenth  inorganic  matter  and  force.    /« 
the  inner  domain  of  life  we  find  two  principles,  which  are,   the 
author  beliei'es^  coextensive  with  life  and  peculiar  to  it :  these  are 
Habit  and  Intelligetue.     He  has   made  as  full  a  statement  as 
possible  of  the  laws  under  which  habits  form,  disappear,  alter  under 
altered  circumstances,  and  vary  spontaneously.     He  discusses  that 
most  important  of  all  questions,  whether  intelligence  is  an  ultimate 
fact,  incapable  of  being  resolved  into  any  other,  or  only  a  resultant 
from  the  laws  of  habit.      The  latter  part  of  the  first  7'olume  is 
ocntpicd  with  the  discussion  of  the  question  of  the  Origin  cf  Sptxics. 
The  first  part  of  the  second  z>olume  is  occupied  with  an  inquiry 
into  the  process  of  metttal  growth  and  development,  and  the  nature 
of  mental  intelligence.     In  the  chapter  tliat  follo^ws,  the  author  dis- 
cusses the  science  of  histcn-y,  and  the  three  concluding  chapteri 
co9ttain  some  ideas  on  the  classification,  the  history,  and  the  logic,  of 
the  sciences.     The  author's  aim  has  been  to  make  the  subjects  treated 
of  intelligible  to  any  ordinary  intelligent  man.      **  We  are  pleased 
to  listen,"  says  tlie  Saturday  Review,  ^^to  a  ivriter  who  has  so  firm 
a  foothold  upon  the  ground  7uiihin  the  scope  of  his  immediate 
survey,  and  zuh^i  can  enunciate  with  so  much  clearness  and  force 
propositions  tvhich  come  within  his  grasp." 

Thring  (E.,  M. A.)— THOUGHTS  ON  LIFE-SCIEXCE. 
By  Edward  Thring,  M.A.  (Benjamin  Place),  Head  Master  of 
Uppingham  School.  New  Edition,  enlarged  and  revised- 
Crown  8vo.     7j.  6d. 

In  this  volume  are  discussed  in  a  familiar  manner  some  of  the  most 
interesting  problems  between    Science  and  Religion,  Reason  and 
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Ftding.  -'  *  Learning  and  Science, "  says  the  author,  * '  are  claiming 
the  right  of  building  up  and  pulling  down  ei>erything,  especially 
the  latter.  It  has  seemed  to  me  no  useless  task  to  look  steadily  at 
what  has  happened,  to  take  stock  as  it  were  of  men^s  gains,  and  to 
endeavour  amidst  new  circumstances  to  arrive  at  some  rational 
estimate  of  the  bearings  of  things,  so  that  the  limits  of  what  is 
possible  at  all  events   may  be  clearly  marked  out  for  ordinary 

readers 77iis  book  is  an  endeavour  to  bring  out  some  of  the 

main  facts  of  the  world.^* 

Venn.— THE  LOGIC  OF  CHANCE:  An  Essay  on  the  Founda- 
tions and  Province  of  the  Theory  of  Probability,  with  especial 
reference  to  its  application  to  Moral  and  Social  Science.  By  John 
Venn,  M.A.,  Fellow  of  Gonville  and  Caius  College,  Cambridge. 
Fcap.  8vo.     "js.  dd. 

This  Essay  is  in  no  sense  mathematical.  Probability,  the  author 
thinks,  may  be  considered  to  be  a  portion  of  the  proidnce  of  Logic 
regarded  from  the  material  point  ofiiew.  The  pn-incipal  obfects  of 
this  Essay  are  to  ascertain  how  great  a  portion  it  comprises,  where 
we  are  to  draw  the  boundary  between  it  afid  the  contiguous  branches 
of  the  general  science  of  evidence,  what  are  the  ultimate  foundations 
upon  which  its  rules  rest,  what  the  nature  of  the  evidence  they  are 
capable  of  affording,  and  to  what  class  of  subjects  they  may  most 
fitly  be  applied.  The  general  design  of  the  Essay,  as  a  special 
treatise  on  Probability,  is  quite  original,  the  atithor  believing  that 
erroneous  notions  as  to  the  real  nature  of  the  subject  are  disastrously 
prevalent.  ^^Exceedingly  well  thought  and  well  written,**  says  the 
Westminster  Review.  The  Nonconformist  calls  it  a  ''^masterly 
hook:* 
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